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ABSTRACT  
 
 
This dissertation aimed at establishing a large-scale portrayal of teachers’ 
beliefs and practices regarding hands-on science in Japan and the Philippines. 
It also aimed to develop hands-on teaching materials and to examine its 
efficacy on pupils’ science knowledge and attitudes toward their science 
learning. 
A survey questionnaire was used to measure teachers’ beliefs and 
practices pertaining to teacher-pupil roles and to identify barriers to hands-on 
science teaching. This instrument was distributed to 350 elementary teachers 
in Chiba, Japan and Metro Manila (Marikina City), Cebu and Davao, 
Philippines.  
The results of this research work revealed that Japanese and Filipino 
teachers had beliefs and actual practices regarding hands-on science that can 
be described as having their pupils design the method of investigation and 
work collaboratively. Nevertheless, it was found that Filipino teachers had the 
tendency to provide their pupils with the solutions to the problems. The 
findings also indicated that teachers in both countries had experienced major 
problems relating to laboratory apparatus, science materials and length of 
class period in their actual teaching. Japanese teachers had encountered other 
big problems pertaining to planning time and limited background and 
experience in the use of science materials.  On the other hand, Filipino 
teachers felt that the large class size was a big problem. The results further 
corroborated previous qualitative findings which indicated associations 
between teachers’ beliefs and practices. 
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     Based upon the findings of this study, two hands-on teaching materials 
were developed that would serve as a teaching model for Filipino teachers to 
help them see and understand how hands-on, inquiry based science 
instruction or hands-on investigation could be practiced in their classrooms. 
These materials present an effective solution to overcome some practical 
constraints to hands-on science teaching through adopting a low or no budget 
science approach. To illustrate these developed teaching materials, the air 
convection concept was used. 
These developed hands-on teaching materials were pilot tested in the  
Philippines. One hundred forty-nine (149) sixth-grade pupils enrolled in a 
public elementary school for school year 2009-2010 participated in the study. 
Three types of questionnaires were distributed to these pupils before and after 
the application of the developed hands-on teaching materials.  These 
instruments were used to measure pupils’ science knowledge and attitudes 
toward their science learning. The instruments also included the pupils’ 
evaluation of their science class as a whole.  
    The results provided much evidence that the developed teaching 
materials effectively improved pupils’ conceptual understanding and 
generated positive attitudes toward their science learning. The results further 
showed that majority of the pupil-participants evaluated their science class 
which used the developed hands-on teaching materials as interesting and 
neither easy nor difficult. In particular, pupils expressed interest in doing the 
inquiry actions such as formulating the question, making a hypothesis, 
planning the procedure, carrying out the plan, recording observations, giving a 
conclusion, and sharing their ideas with their classmates. In general, pupils 
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experienced some difficulties in planning the procedure.  However, they found 
it easy to share their ideas with their classmates. Therefore, the developed 
hands-on teaching materials are feasible for teaching sixth-grade pupils.  
     Based upon the overall results of this study, it is recommended that the 
use of hands-on, inquiry based instruction or hands-on investigation should 
also take an integral part in the elementary science curriculum in the 
Philippines as experienced in Japan. More empirical studies using the 
developed hands-on teaching materials should be conducted in the Philippines 
in order to support the efficacy of hands-on, inquiry based instruction. Related 
studies may include comparisons of the developed hands-on teaching 
materials and the traditional method of teaching.  Studies pertaining to the 
use of the developed materials in other grade levels may also be undertaken to 
evaluate the feasibility of hands-on, inquiry based instruction.  
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Chapter I  General Introduction 
 
 
A. Background of the Study 
The Philippine Elementary Learning Competencies (PELC) contained the 
Department of Education objectives for elementary-level. As indicated, the 
crucial starting point in the teaching and learning of science at the elementary 
school level is seen to be the development of understanding of science concepts 
and principles, science skills as well as scientific attitudes and values needed 
in solving everyday problems pertaining to health and sanitation, nutrition, 
food production, and the environment and its conservation.    
The achievement of this goal depends greatly upon the characteristics of 
science instruction. Sad to say, studies indicate that science teaching is being 
described as poor in quality if elementary pupils’ performances in national and 
international tests are considered. For instance, the Trends in Mathematics 
and Science Study (TIMSS) (2003) found that Filipino fourth-grade pupils 
performed low as they garnered an average score of 332 with the international 
average of 489. This resulted to a rank that was third from the bottom among 
the countries that participated in the study. In the national level, the results of 
the National Elementary Achievement Test (NEAT) (2003) also showed the 
unsatisfactory performance of elementary pupils. The mean percentage score 
was 54.1% which was still way below the goal score of 75%.  
Several reasons have been identified as causes of this low performance of 
elementary pupils. Among these are pupils’ poor learning skills in English and 
Science (Department of Education, 2003); poor teaching methodologies (Abad, 
2006); and insufficient learning materials and laboratory equipment (Marinas, 
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2000). To address these issues, the Department of Education has embarked on 
intervention programs aimed at improving pupil achievement to be on a par 
with other countries as well as to attain the national target score. These 
include Every Child a Reader Program (ECARP), continuing teacher training, 
and priority in hiring teachers who have majored in Science and English. 
In consonance with the Department of Education’s effort to increase 
achievement, the author was interested to explore one variable that is, 
teaching methodology for it is considered as an important determinant of 
learning. Specifically, she attempted to examine the kind of teaching-learning 
practices that could best advance pupils’ performance in Science.  
In this light, she investigated the characteristics of science teaching in 
Japan for it effectively educates their pupils as evidenced by the TIMSS 2003 
results. Japanese fourth-grade pupils’ average score was 543 which made 
Japan as one of the top performing countries. Comparing their achievement 
with those of their Filipino counterparts, a wide achievement gap is seen. 
Attempting to provide explanation for this difference in performance 
entails a need to consider students’ curricular experiences in both countries for 
they may affect the way they study science. By examining Japanese science 
curriculum, a lot of emphasis is placed on knowing and understanding science 
concepts and conducting experiments or investigation (TIMSS, 2003). In the 
same manner, the curriculum in the Philippines put a lot of emphasis on 
knowing and understanding science concepts but very little emphasis was 
given to experiments or investigations (TIMSS, 2003). Consequently, higher 
percentage of Japanese students have teachers who reported their students 
doing science experiments or investigations about half of the lesson or more 
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than their Filipino counterparts (85% and 49% in Japan and the Philippines 
respectively) (TIMSS, 2003).   
This difference in students’ learning experiences motivated the author to 
conduct studies about hands-on science for it includes activities such as 
experiments or investigations and other activities where actual manipulations 
of materials or objects are involved. More recently, hands-on science 
instruction has been debated for theoretical and practical reasons. 
Theoretically, there are concerns as to whether hands-on instruction is the 
best way of teaching the contents and of achieving the goals of science 
education. Practically, hands-on science instruction has been criticized due to 
its large time requirement and expense from concerns that students learn 
more topics through other teaching methods like lecture and demonstration. 
Past research has attempted to address these issues. In fact, a good 
number of proposals emerged aiming at improving the structure of hands-on 
activities as well as overcoming its practical constraints. One proposal 
encourages science teachers to include inquiry into the structure of the 
hands-on activity by giving students opportunities to do inquiry actions such 
as posing question, designing and carrying out the procedure, interpreting 
results, and communicating ideas with other class members. Students at all 
levels of schooling are expected to perform these inquiry actions.  
In considerations about science teaching at elementary-level, a point of 
debate, among researchers and science educators, is over the appropriateness 
of inquiry to elementary school children. Researchers in the cognitive 
development think that children’s intellectual development or information 
processing poses a major constraint in doing the complex tasks of science 
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inquiry (Lee, et. al, 2006). Because children are seen as incapable of doing 
science inquiry unless they are developmentally ready, Metz (1995) states that 
abstract ideas, planning of investigations 
A goal of this dissertation is to address these limitations. First, the 
author attempted to provide a large-scale portrayal of teachers’ beliefs and 
practices about hands-on science in Japan and the Philippines. Second, the 
author developed hands-on teaching materials that will serve as a teaching 
model for those teachers who wish to implement hands-on, inquiry based 
and analysis of their results are put 
off until higher grades. Accordingly, the kind of learning activities in the 
elementary school science is limited to the mere introduction of facts and 
simple relationships in the early grades and process skills like observation and 
measurement in the later grades (Lehrer, et. al., 2000). Several researchers 
and science educators, on the other hand, strongly argue that elementary 
pupils are capable of doing inquiry provided that the instructional design 
fosters better pupil support. 
By examining previous researches involving elementary school teachers 
and pupils, this controversy is not fully addressed. They also fall short of 
exploring other issues. These limitations include the lack of studies regarding 
the beliefs and practices of teachers concerning teacher-pupil interactions 
during the conduct of science activities, particularly the use of hands-on and 
inquiry oriented activities. There are also limited teaching models that will 
help teachers see and understand how the components of both hands-on and 
inquiry be practiced in their classrooms. Empirical studies that provide 
evidences on the efficacy of this type of instruction are inadequate as well. 
These limitations may contribute to the lack of conclusive findings. 
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instruction. Third, the efficacy of these developed hands-on teaching materials 
was explored.  
In this dissertation, the discussions about these aims are structured as 
follow. Chapter 2 provides background on hands-on science including its 
definition, examples, history of its promotion, merits, areas of debates and its 
recent developments. Chapter 3 presents the beliefs and practices of 
elementary teachers regarding hands-on science in Japan and the Philippines. 
Chapter 4 presents the development of hands-on teaching materials. Chapter 
5 provides the results of the pilot study that explored the impact of the 
developed hands-on teaching materials on pupils’ science knowledge and 
attitudes toward science learning. Chapter 6 summarizes the major findings, 
makes concluding remarks, and offers recommendations for science 
instruction in the Philippines. 
 
B. Research Framework 
The framework shown in Figure 1.1 illustrates the paths that were 
undertaken to achieve the aims of the study.  First, past and recent 
theoretical and empirical studies were reviewed to provide a detailed account 
of hands-on science in an attempt to elucidate various issues that abound 
concerning its use in science instruction.   
Second, based upon the current issues concerning hands-on science, the 
author saw the need to investigate the beliefs and practices of teachers 
regarding hands-on science －  specifically, teacher-pupil roles during the 
conduct of hands-on activities as well as the barriers to hands-on science 
teaching.  
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A survey questionnaire was used to achieve this aim and was distributed 
to elementary teachers in Japan and the Philippines. Studies of Lumpe & 
Oliver, 1991; Flick, 1993; Haury & Rillero, 1994; and Doran et al., 2002 served 
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as the basis for framing the statements that would be included in the 
questionnaire. These statements reflected teacher-pupil interactions during 
hands-on activities as well as the barriers to hands-on science teaching. For 
instance, Lumpe & Oliver (1991) described that some hands-on science 
activities provide detailed procedures for students to follow. While other 
activities present some directions and clues for data collection to the students 
(Doran et al., 2002).  
Third, from the findings of the literature review and the survey 
questionnaire, the author saw the necessity to develop hands-on teaching 
materials that reflected the current suggestions regarding the organization 
and conduct of hands-on science activities. These teaching materials also 
presented one effective solution to overcome the practical constraints on 
hands-on science teaching.  
Fourth, these developed hands-on teaching materials entail the necessity 
to be implemented in actual classroom to find out its feasibility. Thus, a pilot 
study using the developed hands-on teaching materials was carried out in one 
of the public elementary schools in the Philippines. Questionnaires were used 
to explore its efficacy.  
Finally, based upon the literature review and the results of the survey 
questionnaire and the pilot study, recommendations for elementary science 
teaching in the Philippines were drawn and discussed concisely.  
 
C. Problem Statement 
     The study was designed to explore the beliefs and practices of 
elementary teachers regarding hands-on science in Japan and the Philippines. 
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It also aimed to develop hands-on teaching materials and examined its impact 
to pupils’ science knowledge and attitudes toward their science learning. 
     More specifically, the author intended to answer the following questions: 
1.  In terms of teachers’ beliefs and practices regarding hands-on science, 
1.1 What beliefs and practices are common or unique to Japanese and  
Filipino elementary teachers about teacher-pupil roles during the 
conduct of hands-on activities and the barriers to hands-on science 
teaching? 
 
1.2 Are there significant differences on the professed beliefs and 
practices of Japanese and Filipino elementary teachers regarding 
teacher-pupil roles during the conduct of hands-on activities as 
well as the barriers to hands-on science teaching? 
     
1.3 Are the professed beliefs of Japanese and Filipino elementary 
teachers correlated with their actual classroom practices or 
experiences? 
 
2. In terms of the effect of the developed hands-on teaching materials, 
2.1  Is there a difference in science knowledge as measured by  
the pre-post tests scores of pupils who received instruction which 
used the developed hands-on teaching materials? 
 
2.2 Is there a significant difference in pupils’ attitudes toward their 
science learning as measured by pre-post ratings of pupils who 
received instruction which used the developed hands-on teaching 
materials? 
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2.3 How do the pupils evaluate their science class which used the 
developed hands-on teaching materials? 
 
D. Hypotheses of the Study 
     In discussing this dissertation, the author came up with the following 
hypotheses.    
1. There are significant differences on the professed beliefs and 
practices of Japanese and Filipino elementary teachers concerning  
teacher-pupil roles during the conduct of hands-on activities as  
well as the barriers to hands-on science teaching. 
 
2.  The professed beliefs of Japanese and Filipino elementary teachers 
are correlated with their actual classroom practices or experiences. 
 
3.  There is difference in science knowledge of pupils who received 
instruction which used the developed hands-on teaching materials. 
 
4. There is significant difference in pupils’ attitudes toward their 
science learning after they received instruction which used the 
developed hands-on teaching materials. 
 
E. Assumptions 
  The author came up with the following assumptions. 
1. Teachers’ beliefs about hands-on science influence their roles and 
pupils’ roles during hands-on investigations. 
 
2. Teachers’ responses to the questionnaire will provide classroom 
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images about science instruction using hands-on in Japan and the 
Philippines. 
 
3. Pupils’ responses to the questionnaires will reflect their preferences 
and abilities about conducting hands-on activities where they have to 
think about the question, procedure, and solution. 
 
4. The developed hands-on teaching materials are effective and 
desirable strategy for teaching and learning science in elementary 
school. 
 
F. Scope and Limitations of the Study 
     The study was grounded in the improvement of science performance at 
elementary-level in the Philippines by conducting research on science teaching 
methodology, particularly hands-on science. In this light, the author 
attempted to (1) explore the beliefs and practices of elementary teachers 
regarding hands-on science in Japan and the Philippines; (2) develop hands-on 
teaching materials; and (3) examine the efficacy of these developed teaching 
materials to elementary pupils’ science knowledge and attitudes toward 
science investigation.  
     These aims were achieved through conducting some research activities. 
First, the beliefs and practices of elementary teachers regarding hands-on 
science in Japan and the Philippines were explored through the use of survey 
questionnaire. This instrument was distributed to some public elementary 
schools in Chiba, Japan and Metro Manila (Marikina City), Cebu and Davao, 
Philippines.  
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     Second, hands-on teaching materials were developed consisting of two 
activities: paper spiral and convection jar. Detailed lesson plans for these 
activities were also provided to guide teachers in their instruction which used 
the developed teaching materials.  
     Third, the efficacy of the developed hands-on teaching materials was 
investigated. Questionnaires were used to assess its impact to pupils’ science 
knowledge and attitudes toward science investigation. The pilot study was 
conducted in June 2009 and it involved 149 sixth-grade pupils enrolled at a 
public elementary school in Kidapawan City, Philippines for school year 
2009-2010.  
 
G. Significance of the Study 
     In a country like the Philippines, the need to improve science 
achievement is primary; hence, it becomes imperative to develop teaching 
methodology appropriate to this demand. The author believed that the 
findings of this study will benefit a number of sectors. 
     First, the findings of this study will benefit Japanese and Filipino 
elementary teachers for they will be presented with evidences regarding the 
beliefs and practices on hands-on science instruction that are common or 
unique between them, thereby, expanding their understanding about 
elementary science teaching in Japan and the Philippines. 
    Second, this study will be advantageous to Filipino elementary teachers 
for they will be provided with a teaching model that will help them see and 
understand how hands-on, inquiry based science instruction can be practiced 
in their classrooms. This teaching model will also give them one effective 
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solution to overcome some practical constraints to hands-on science teaching.  
Third, the findings of the pilot study using the developed hands-on 
teaching materials will give Filipino teachers images of pupils’ interests or 
abilities toward hands-on, inquiry based instruction. 
     Fourth, the results of this study will benefit the pupils for they will be 
provided with interesting hands-on, inquiry based science activities where 
they can better understand the concepts and have more participation in their 
science learning.  
     Finally, the findings of this study can be used as a baseline data by other 
researchers in their respective future-related researches.  
 
H. Definition of Terms 
     Providing definitions to terms are imperative as differing perspectives 
may promote confusions and misunderstandings. Some key terms used in the 
study were defined concisely below and were discussed more thoroughly in 
Chapter 2. 
     Hands-on science.  It is an approach in teaching science where students 
are engaged in the manipulation of materials or objects as they study the 
concepts (Flick, 1993; Lumpe & Oliver, 1991; Haury & Rillero, 1994). 
Examples of hands-on activities include experiments, observations, making 
models, classifying materials or objects and other activities that involve actual 
manipulation.  
 
Inquiry.  The National Standards (2000) define inquiry as multifaceted 
activity that involves making observations; posing questions; examining books 
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and other sources of information to see what is already known; planning 
investigations; reviewing what is already known in light of experimental 
evidence; using tools to gather, analyze, and interpret data; proposing answers, 
explanations, and predictions; and communicating the results.  
 
Inquiry actions.  These actions include students posing question, making 
prediction or hypothesis, carrying out procedure, using tools to gather, analyze, 
and interpret data, proposing answers and explanations, and communicating 
results.  
 
Hands-on investigation or hands-on, inquiry-based instruction. It is an 
approach in teaching where features of hands-on and inquiry are integrated. 
In it, pupils are not only manipulating materials or objects but they are doing 
inquiry actions as well.  
 
Teachers’ beliefs. Terms such as personal epistemologies, perspective, 
practical knowledge, values, attitudes, opinions, and theories are used to 
mean teachers’ beliefs (Kagan, 1992; Pajares, 1992). In this study, teachers’ 
beliefs specifically refer to the ideas, opinions or assumptions teachers hold 
about science teaching that are directly related to teacher-pupil interactions 
during the conduct of hands-on activities. 
Chapter II  Background on Hands-on Science 
 
A. Introduction  
HANDS-ON SCIENCE has become a slogan for good science teaching. 
Kotar (1988) stated that “an exemplary science program in elementary school 
is one that uses hands-on science” (p.40). This is because it provides 
opportunities for direct experience and active involvement which generates 
much excitement and enthusiasm for both teacher and pupils.  
Despite the positive aspects of hands-on science, there are controversies 
surrounding its use in science instruction. In particular there is definitional 
problem (Klahr, Triona, & Williams, 2007) due to the variety of interpretations 
of what is meant by hands-on science. Another issue relates to the 
organization of hands-on activities that is too restrictive (Hodson, 1990) and 
fails to support inquiry (Edmund, 2002; Huber and Moore, 2001).  
In the current time, there is a growing interest in the use of inquiry 
method. This trend creates a continuing point of debate, among researchers 
and science educators, over the distinction between hands-on and inquiry and 
the appropriateness of inquiry in teaching the contents of science in 
elementary school. 
In this chapter, it aimed at elucidating these issues surrounding 
hands-on science by calling attention to the following points: (a) definition; (b) 
comparison with other teaching methods; (c) examples of hands-on activities; 
(d) history of its promotion; (e) merits and areas of debates; (f) recent 
developments; and (g) instructional sequence that promotes hands-on, inquiry 
based instruction. 
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B. Method  
    Past and recent theoretical and empirical literatures were reviewed to 
clarify various issues about hands-on science. 
 
C. Discussions 
 
1. Definition 
Hands-on science is a term used in some countries to describe what may 
be referred to in other countries as “practical or “laboratory” activities (Roth et 
al., 2006). In this study, the author used the phrase hands-on science because 
it includes a wider array of activities than may be suggested by the term 
“laboratory”. 
    By examining the literature, the phrase hands-on science is defined in 
varied ways. Some of these definitions are presented here. 
    Lumpe & Oliver (1991) found that the term hands-on has been defined 
differently by educators. Based on these definitions, they established a general 
meaning that is “hands-on science is defined as any science lab activity that 
allows the students to handle, manipulate or observe a scientific process” (p. 
345). 
They further proposed that hands-on science consists of three dimensions: 
inquiry, structure, and experimental dimensions. In inquiry dimension, the 
students do activities that enable them to discover the principles and concepts. 
The structure dimension centers on the participation of students in the design 
and planning of the procedures. When students are provided with detailed 
procedure, the activity is said to be highly structured. But when they are given 
the opportunity to plan and design the procedures on their own, the activity is 
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classified as unstructured. The third dimension which is the experimental 
dimension involves manipulation of variables to draw conclusions.  
In the work of Flick (1993), it can be learned that the popularity of 
hands-on science has brought educators to focus their attention to the kind of 
learning students get from the actual manipulation of materials. He 
emphasized one issue that is “children don’t automatically understand the 
concepts targeted by instruction just because they are actively engaged with 
manipulatives” (p.1).  In this regard, his research work attempted to provide 
a definition of hands-on science that considers both the active learning aspect 
and the need to evaluate the learning of students as a result of being taught 
through this method.    
He presented two definitions about hands-on science. The first uses 
hands-on science to refer to a general approach to instruction. The second way 
is used to mean a specific instructional strategy where students are actively 
engaged in manipulating materials, using the so-called hands-on science 
activity. 
Similar to Lumpe & Oliver (1991), Haury & Rillero (1994) saw that 
hands-on learning means different thing to different educators. Instead of 
adding a new definition to the list, they compiled the views from teachers, 
curriculum developers, and other writers on what constitutes hands-on 
learning. Based on their responses they come to consider that “hands-on 
learning in science is any educational experience that actively
Based on these authors’ research works, it is clear that there is no 
generally accepted definition about hands-on science that makes it more 
 involves people 
in manipulating objects to gain knowledge or understanding”.  
 - 17 - 
vulnerable to debates. Considering their definitions presented, it can be 
learned that defining hands-on science as any lab activity represents a 
traditional view and somewhat limiting because there are many activities that 
are considered hands-on but are not done in the laboratory, for example 
making models, taking measurements and observations that are done inside 
the classroom or school field. 
The other definitions share similar feature that is hands-on science 
involves active participation of pupils in their learning. In it, pupils are 
engaged in the manipulation of materials or objects as they study the 
concepts.  
The dimensions of hands-on science by Lumpe & Oliver (1991) present 
additional views about hands-on science. That is, direct experience and active 
participation are not the only foci but also consider the organization and types 
of hands-on science activities. The latter emphasis is the result of the 
changing views about the process of understanding or knowing. As mentioned 
by Flick (1993), physical manipulation does not guarantee understanding. 
This notion has directed the attention of educators to the type and structure of 
hands-on activities which have been the subject of debates in the current time. 
These debates include the lack of inquiry method in hands-on science 
(Edmund, 2002; Huber and Moore, 2001). 
In this study, hands-on science is defined as any activities where students 
are engaged in the manipulation of materials or objects as they study the 
concepts.  
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2. Comparisons of Hands-on Science with Other Teaching Methods  
The various interpretations about hands-on science may create confusion 
as to how this approach may be different from other teaching methods.  
Failing to recognize their distinctions perhaps emanates more 
misunderstandings or misconceptions but can be avoided if there are clear 
standards that can be used to distinguish hands-on science from other 
approaches such as lecture or demonstration and inquiry. 
In the subsequent discussion, it attempts to figure out the standards or 
criteria that make hands-on science similar or unique to lecture or 
demonstration and inquiry. 
 
 
2.1 Lecture or Demonstration 
From the definitions, hands-on science can be differentiated from other 
approaches in teaching science such as lecture and demonstration by the 
single criterion that is, students manipulate materials. In lecture or 
demonstration, students’ actions are limited to listening to teacher-talk, watch 
teacher-demonstration, and read texts. But in hands-on science, students have 
“busy hands” touching or handling things or objects as they learn the concepts.  
 
2.2 Inquiry  
The National Standards (2000) defined inquiry “as a multifaceted activity 
that involves making observations; posing questions; examining books and 
other sources of information to see what is already known; planning 
investigations; reviewing what is already known in light of experimental 
evidence; using tools to gather, analyze, and interpret data; proposing answers, 
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explanations, and predictions; and communicating the results” (pp. 13-14). 
     Based on these definitions, it is apparent that hands-on science and 
inquiry relate to each other on some points. They are similar in the sense that 
students are actively doing something in contrast to passively listening to a 
lecture, watching demonstration or reading text. Also, both have the same goal 
that is, to engage students. 
Whilst many inquiry activities involve hands-on activities as students 
manipulate materials or use tools to obtain evidence, there are considerable 
distinctions between them. First, scientific investigations can be hands-on 
without being inquiry. It is clearly stated by the National Research Council 
(2000) that “even the use of the best hands-on materials or kit-based 
instructional materials does not guarantee that students are engaged in rich 
inquiry” (p.36). This is because in hands-on science students are often 
experiencing things only and they do not necessarily begin their investigation 
with a question. For instance, the hands-on science activity requires students 
to be familiar with the parts of a tool or to practice on how to use a certain 
apparatus (e.g. a microscope). In inquiry it would necessitate actually trying to 
answer a question that directs the investigations, to which the student is 
seeking understanding not following a procedure given to them by their 
teacher.  Second, inquiry does not necessarily involve hands-on activities in a 
way that students are trying to answer the question posted by examining 
books or using the secondary data gathered by others without doing any 
manipulations of objects or tools. Third, in hands-on science, students have 
very little opportunity to think at higher levels because everything is provided 
to them which include the question they have to answer, the materials they 
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have to use and the procedure they have to follow. Students are simply 
following directions and watch the results; whereas in inquiry students have 
to think about the question and plan or design the procedure before they can 
do any hands-on activities. 
       
3. Examples of Hands-on Science Activities 
     Two samples of hands-on activities were presented that will help expand 
our understanding, especially when considering the debates and distinctions 
of this type of science activity to other methods of teaching.  
One example of popular hands-on science activity as cited by Huber and 
Moore (2001) is “Dancing Raisins” which is based on discrepant event. The 
activity sheet is shown in Figure 2.1. 
 
 
 
 
 
 
 
 
In Dancing Raisins activity, pupils learn the concept of density or 
buoyancy. As they perform “Dancing Raisins” they will observe that when 
raisins are dropped into a glass of carbonated soda water, the raisins sink to 
   
What You’ll Need: 
  ∞clear, carbonated 
soda water 
  ∞clear drinking glass 
  ∞raisins 
 
 
 
1. Pour clear carbonated soda 
water into a clear glass.  
2. Drop raisins into the glass. 
3. After about a minute, you will 
observe raisins moving up and 
down in the glass. 
 Figure 2.1  Sample of hands-on science activity－Dancing raisin 
Dancing Raisins 
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the bottom because they are slightly denser than the liquid. On the other hand, 
the carbon dioxide from the soda produces bubbles. When these bubbles stick 
to the rough surface of a raisin, it creates buoyancy which makes the raisin to 
rise. When the raisin reaches the surface, the bubbles pop and the carbon 
dioxide gas escapes into the air. This causes the raisin to lose buoyancy 
making it sink. This rising and sinking of the raisins continues until most of 
the carbon dioxide has escaped. 
Another example is “Mold Terrarium” wherein the students will try to 
grow molds from some leftover food. The activity sheet for the Mold Terrarium 
is shown in Figure 2.2. In this activity, students will understand that molds 
can grow when there is moist and even if the container is sealed. They will also 
learn that molds produce chemicals that make the food rot. As the food rots 
students will see the growing of molds. Because they cannot make their own 
food, these molds feed on the bread, cheese and other foods in the mold 
terrarium. 
These two hands-on science activities (dancing raisins and mold 
terrarium) share similar features with many hands-on science activities 
presented in various science textbooks. Three common facets are observed: (1) 
materials needed are provided; (2) procedure or written directives are 
presented; and (3) expected observations are introduced (see procedures 3 and 
4 or 5 for dancing raisins and mold terrarium respectively). 
With these characteristics, “cookbook and traditional hands-on activity” 
are used to describe this type of hands-on activity by many science educators 
(e.g. Llwelyn, 2002; Hodson, 1998; NRC, 2000). 
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Figure 2.2  Sample of hands-on science activity－ Mold Terrarium 
 
 
Mold Terrarium 
Watch tiny blue, green and white plants grow on leftover food. 
 
 
What do I need? 
 
    * A clear container with a lid such as big glass jars or plastic containers 
  * Adhesive tape 
  * Water 
   * Some leftover food such as bread, fruit (like oranges, lemons, or grapes), vegetables (like 
broccoli, green pepper), cheese, and cookies or cake 
 
 
This Is Important! 
    
 
DO NOT use anything with meat or fish in it—after a few days, these  
would start to smell very bad.  
 
   
        
 
 
     
Prepare 4 or 5 different pieces of leftover food. If the food is small-a grape or one 
section of an orange-use the whole thing. Cut bigger foods like bread or cheese 
into 1-inch chunks. 
Dip each piece of food into some water and put it into your container. Try to 
spread the pieces out so that they are close to each other. 
Every day, look at the food in your Mold Terrarium. After 2 or 3 days, you should 
see blue or green or white fuzzy stuff growing on some of the pieces of food.  
 
 After a few more days, some of the food in your mold terrarium may start to rot 
and look really gross. You can watch how the mold spreads and how things rot  
for about 2 weeks. After that, it'll get boring, because not much more will happen. 
 
 
 
Put the lid on the container. Tape around the edge of the lid to seal it. You 
may want to label it "Mold Terrarium."  
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4. History of the Promotion of Hands-on Science 
 
1893~1950 
As long ago as 1893, the Physics, Chemistry, and Astronomy Conference, 
and Natural History (biology, botany, zoology, and physiology) Conference in 
the USA recommended that pupils should study simple natural phenomena, 
botany and zoology through direct experience (Baker, 1893). They further 
emphasized the necessity of a large proportion of laboratory work in the study 
of these fields.  
During this period, the idea of providing students with direct experience 
became the trend in science teaching. This was done through verification 
approach. In this method, students confirm a principle through a prescribed 
activity and know the results of the activity prior to conducting it (Heron, 
1971). In this respect, students would repeat the experiments of Newton, 
Galileo, and others and it is believed that they would learn best through this 
manner (Lock, 1988).  
Towards the latter part of the nineteenth century, a different view arose 
regarding the nature of science activity. This was heavily due to the influenced 
of the work of H.E Armstrong who advocated the ‘heuristic’ or discovery 
approach (Lock, 1988; Bennet, 2003). In this approach students would discover 
both facts and concepts individually and independently of the teacher.  
    In the early part of the twentieth century, doubts were expressed about 
the efficiency of heuristic approach and this method had subsided in USA and 
by 1920s it was no longer extant in Britain (Lock, 1988). The emphasis was 
again placed on illustrative, ‘recipe-following’, activities which lasted for 
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almost half a century (Bennet, 2003).  
    In 1950s in America heralded the return of discovery learning and the late 
1940s and 1950s in Britain saw the increased involvement of students in 
practical work (Lock, 1988).  
 
1960~2000 
    In 1960s, the phrase “hands-on science” has emerged during this period 
(Haury and Rillero, 1994). This term became popular and had been widely 
used making it a slogan for good science teaching. Starting this decade and 
early 1970s almost all the major science curriculum developments promoted 
hands-on practical work as an enjoyable and effective form of learning 
(Hodson, 1990). Programs such as Elementary Science Study (ESS), Science- A 
Process Approach (SAPA), The Science Curriculum Improvement Study 
(SCIS) in the USA have been very influential in the design of the science 
curriculum in elementary schools during this period. All these programs 
advocated the notion that good science teaching involves hands-on learning 
(Enhanced Science Helper K-8, 1999). All the developed classroom materials 
or kits in these programs introduced children to science by permitting them to 
manipulate real materials/objects than through reading about science. These 
programs contributed greatly to the prominence of hands-on science and many 
textbook publishers, curriculum planners, and teachers adapted this 
approach. 
The use of hands-on in the teaching of science during this period was not 
only evident in USA but also in Japan. Pawilen and Sumida (2005) found that 
“in 1969 the content of the Japanese science education emphasizes hands-on 
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activities in the form of observations and experiments, and inquiry learning” 
(p. 175). In 1989, the Course of Study at primary and secondary school saw the 
continuation of emphasis on observation and experiment work (Takakura and 
Murata, 1998).  
In 1990, the promotion of hands-on science became stronger in the U.S. as 
the National Science Teachers Association (NSTA), an organization that is 
committed to promoting excellence and innovation in science teaching and 
learning for all in America, recommended that the minimal amount of science 
instruction time devoted to hands-on science activities should be at least 60% 
in elementary school, 80% in the middle school, and 40% in high school.  
By the end of the twentieth century, there was a rising support for the use 
of hands-on science as well as the time of reform in science education. In 1996 
the reform document published by the National Research Council was 
influential in suggesting the best way on how science should be taught to 
children. By 2000, the National Research Council released another document 
which is instrumental in the improvements of U.S. science education. Both 
publications bring about the increase scrutiny set upon the role and 
educational benefits of hands-on science.  
 
2000~Present 
The reexamination of the role of hands-on science continued. 
Nevertheless, there is still an apparent inclusion of hands-on activities in the 
science curriculum in many countries.  
The Course of Study in Japan saw a continuation of the emphasis placed 
on direct experiments with nature and problem solving in the teaching of 
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elementary science (Japanese Research Team for U.S.-Japan Comparative 
Research on Science, Mathematics, and Technology Education, 2004). This 
aim has been practiced nationally as evidenced by the high percentages of 
teachers which constitute 71% of fifth- and 67% of sixth-grade teachers who 
reported that they used experiments in their class (National Institute for 
Educational Policy Research, 2003).  
    In many countries that participated the Trends in Mathematics and 
Science Study (TIMSS) 2007, the use of hands-on instruction is still evident 
based on the reports of fourth-grade pupils and teachers describing their 
science classroom characteristics and instruction as engaging in making 
observations, doing and designing experiments or investigations.  
 
5. Purposes of Hands-on Science 
    The historical discussion tells us that hands-on science has been promoted 
for a number of years. Until recently, there is a clear commitment on the part 
of both educators and those involved in science education to include hands-on 
activities in science teaching. This is because hands-on science is seen to 
achieve some important aims which other methods like teacher-talk and 
demonstration fall short of. Researches of Hodson (1990) and Bennet (2003) 
presented a variety of aims of practical work or hands-on science which can be 
summarized as follows: 
       ● to teach laboratory skills         
● to provide direct experience of the scientific phenomena; 
       ● to enhance conceptual understanding; 
 ● to motivate pupils; 
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       ● to develop scientific attitudes; 
● to develop science processes, communicative, and problem-solving 
skills 
 
     Based on these lists, it is seen that some of the aims are interlinked. For 
instance, conceptual understanding can be enhanced through direct 
experience with phenomena. Or direct experience with phenomena promotes 
conceptual understanding as well as motivates pupils to learn because of the 
enjoyment they get from actual manipulation and this in turn, develop 
positive attitudes toward science. These multiple purposes of hands-on science 
make its use more attractive to teachers and have been the basis for its 
promotion in the teaching of science.  
 
6. Merits of Hands-on Science 
    Empirical studies involving elementary and high school students were 
presented to provide evidences as to whether these purposes are truly 
approached by hands-on instruction. 
    The work of Jaus (1977) attempted to find out if hands-on 
activity-oriented science instruction is really good at developing positive 
attitudes toward science. His study involved one hundred and fifty-four second, 
third, and fourth graders. Prior to the implementation of the activity-oriented 
approach in teaching science, all of these children were taught through 
textbook-reading- approach and they were given two ten-item questionnaires 
that measured children’s attitudes toward science and school. Following this 
pretest, classes were divided into two: one class continued to study science via 
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textbook-reading-approach while the other class was provided with hands-on 
activities as they study the concept.  
    At the end of the implementation, these children were given the same 
questionnaires as a post-test. Pupils’ responses in pre-post-tests were 
presented in mean. The gain scores derived from the pre-post-tests mean 
scores were then analyzed by t-test for dependent samples. 
    The results indicate that second, third, and fourth grade children who 
were taught through activity-oriented science instruction made significant 
gains in their attitude towards science and school. On the contrary, second, 
third, and fourth grade children who received science instruction through 
textbook-reading approach showed no significant gains in their attitude 
toward science and school. 
  In the work of Bredderman (1982) he noted that there is a decline in 
elementary science and he felt that improving the science program is 
attainable. In this view, he reviewed studies that were conducted for over 15 
years about the effects of three science programs: The Elementary Science 
Study (ESS), Science －  A Process Approach (SAPA), and The Science 
Curriculum Improvement Study (SCIS) in order to gain clearer understanding 
into what brings success in science education.  
  Overall, 57 studies were analyzed involving 13,000 elementary pupils in 
1000 classrooms. In these studies, hands-on activity-based program was 
compared to traditional ways of teaching science and pupils’ performance was 
tested on these areas: science process, science content, language development, 
creativity, attitude and logic. The instruments used were standardized 
paper-and-pencil tests, and small group or individual interview using tests 
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with manipulatives.  
The results of all these studies were averaged. It was found that children 
who were taught in activity-based programs performed better than those in 
comparison groups in the following measures which are ranked from highest 
to lowest percentile gain: science processes, creativity, attitude, perception, 
logic development, language development, science content and mathematics. 
Further, it was found that students who were disadvantaged academically, 
economically, or both, gained more from activity-based programs than did 
students who were not disadvantaged. 
In other researches, Kyle, Bonnstetter, Gadsden, and Shymansky (1988) 
conducted a study that emanated from the findings of the assessment of 
science education indicating that process approach was not used by many 
schools and the science curriculum was not achieving the goals of science 
education. In light of these reports, they assessed the effectiveness of the 
Science Curriculum Improvement Study (SCIIS version), which embraced a 
hands-on approach in the teaching of science, by comparing pupils’ attitudes 
toward science to those pupils in non-SCIIS classes. 
They made use of two types of data. First, they used an attitudinal 
questionnaire to find out pupils’ attitudes toward science and school. This 
instrument was administered to 675 elementary pupils in grades 2-6. Second, 
they observed 68 science classes, grades 1-6 to evaluate behaviors in science 
classes. During the 68 classes, 199 pupils were selected randomly and 
observed for 10 minutes. These pupils included 71 pupils who received 
non-SCIIS instruction; 68 pupils who received science instruction using SCIIS 
during the first year of its implementation; and 60 pupils who received SCIIS 
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instruction during the second year of its implementation. 
The results of the attitudinal questionnaire indicate that over 50% of the 
pupils who were taught using SCIIS during the first year selected science as 
their first or second favorite subject in school. On the other hand, only 17% of 
the pupils who were taught via non-SCIIS made such claim.  
The results of the classroom observations reveal that pupils in first-year 
SCIIS classes spent 82% of their science class time engaging with 
manipulatives, second-year SCIIS pupils used 72% of their time with 
manipulatives. In contrast, pupils in non-SCIIS classes spent only 32% of their 
time with manipulatives. 
The work of Glasson (1989) mentioned that hands-on laboratory method is 
emphasized in the teaching of science at secondary school yet science teachers 
often demonstrate an experiment. This trend motivated him to compare the 
effects of hands-on and teacher demonstration on science achievement in order 
to provide evidences that will guide teachers in their selection of method.  
Fifty-four ninth-grade students participated in his study. He used 20-item 
multiple-choice chapter test to assess declarative knowledge which refers to 
the information and understanding of science concepts learned by students 
during instruction. The other test, procedural knowledge test, was presented 
in word-problem format that required students to recall the algorithmic 
formula and show the process involved in solving the problem.  
The results reveal that ninth-grade students who were in the hands-on 
laboratory class performed significantly better on the procedural knowledge 
(process skills) test than did students in the teacher demonstration class. On 
test of declarative knowledge, both ninth-grade students who received 
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hands-on laboratory instruction and teacher demonstration resulted in equal 
achievement.  
In another study by McCarthy (2004), she found that empirical studies 
involving junior high students with disabilities were limited; therefore, she 
saw a need to provide more evidences on the type of instruction that improve 
students’ science achievement.  
Her study was participated by eighteen junior high students who were 
seriously emotionally disturbed. One class was taught using hands-on science 
while the other using textbook. She made use of three instruments to measure 
scientific knowledge: multiple-choice, short-answer, and hands-on. The 
multiple- choice test consisted of 16 items with four possible choices while 
short-answer test was similar in content to the multiple-choice test. The 
hands-on test consisted of two-performance-based test. On the first task, 
students were instructed to change the ice cubes in many ways using the 
materials provided while the second task required students to demonstrate an 
event or phenomenon proving that air has weight and takes up space. 
The results suggest that on the multiple-choice test, there were no 
significant differences between students who received hands-on science and 
textbook instruction. On other measures, students in the hands-on science 
class performed significantly better than those who were in textbook class on 
short-answer test and hands-on assessment. 
By examining all these studies presented, there are two observable 
patterns that surfaced. First, classes that made use of hands-on science 
activities were compared with classes conducted in traditional settings which 
include teacher demonstration, lecture, or textbook approach in teaching 
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science. Second, the effects of hands-on activity-based programs were explored 
based on students’ performances on the three domains of learning: knowledge, 
skills and attitudes.  
In all these studies, three evaluated the effects of hands-on science 
instruction to pupils’ attitudes toward science and their findings were 
identical indicating that hands-on instruction effectively developed positive 
attitudes to ward science (e.g. Jaus, (1977); Bredderman, (1982); Kyle, 
Bonnstetter, Gadsden, and Shymansky (1988). This finding provides evidence 
that the purpose of hands-on science which is to develop scientific attitudes is 
achieved.  
Other purposes of hands-on science are achieved based on the results of 
the work of Bredderman (1982) which include improved performance in 
science processes, and developed language skills. The other findings of his 
research work provide additional benefits of hands-on science instruction that 
can be added to the list of its purposes that include the development of 
creativity, perception, and logic, and enhancement of mathematics skills. 
Further benefits of hands-on science is its effectiveness to improved the 
performance of academically, emotionally, and economically disadvantaged 
students as shown on the results of the studies of Bredderman (1982) and  
McCarthy (2004).   
     These benefits provide strong empirical evidences showing that the 
previously mentioned purposes of hands-on science are achieved in practice. 
    
7. Areas of Debates over the Use of Hands-on Science 
Whilst there are considerable empirical evidences concerning the 
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educational benefits of hands-on science, there are also criticisms that 
contributes to the ebbing away of the attention given to this approach to 
science teaching. Some of the purposes of hands-on science mentioned earlier 
were used as bases for discussing the issues and areas of debates in hands-on 
science. 
    First, the aim for the use of hands-on science that it enhances pupils’ 
conceptual understanding has been subjected to criticisms. Hodson (1990) 
emphasizes that hands-on instruction is less successful in enhancing 
conceptual understanding on some occasions. The studies of Glasson (1989) 
and McCarthy (2004) can be used to support this notion. In these studies, 
students in both hands-on science and textbook instruction or teacher 
demonstration class performed equally in the science achievement measure 
using multiple-choice test which implies that the hands-on component did not 
improve students’ knowledge. Additionally, Hodson (1990) reported the results 
of an American study on three teaching styles (lecture/discussion; lab 
work/discussion; lecture/teacher demonstration/discussion) where there were 
no significant differences on the conceptual gains of students involved in the 
study. 
Based on these findings, it is difficult to conclude that hands-on science 
does not achieve its purpose of improving science knowledge because these are 
only few studies. On the other hand, this notion contradicts the results of the 
study of Bredderman (1982). His study needs to be considered because it is a 
meta-analysis of 57 studies that investigated the effects of hands-on science 
instruction to pupils’ science knowledge. These studies reveal that pupils’ 
science knowledge was improved as a result of being taught through hands-on. 
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Therefore, there is a need for further study that will compare the types of 
hands-on activities used in these studies to determine the characteristics of 
the activities that effectively improved understanding and those that were less 
successful in attaining this aim.  
Second, the purpose of hands-on science that it develops positive attitudes 
has been questioned. Certainly, pupils enjoy doing hands-on activities. But 
Bennet (2003) pointed out that it is not clear what they enjoy about in 
hands-on activities. She further explained that for some pupils their 
enjoyment might come from the opportunity to talk with other class members 
and not necessarily about the hands-on activities they are doing. Hodson 
(1990) also stated that whilst there are many children who enjoy doing 
activities, there are also many who do not.  
What is clear is that, there are some hands-on activities which are more 
liked than others. Before making any general conclusion from these criticisms, 
it is good to find out what sort of hands-on activities that most pupils will 
enjoy or what sort of hands-on activities is considered exciting and interesting 
among the children. Also, it is good to explore what is in hands-on instruction 
that children enjoy.  
Third, the aim of hands-on science that it develops laboratory skills has 
been debated. Hodson (1990) reported the results of a study suggesting that 
many children found difficulty in carrying out simple laboratory procedures 
satisfactorily even after several years of studying science. While there is some 
truth in this, it is more realistic to examine this study further in terms of the 
types of hands-on activities provided to children as well as their frequency. It 
might be that children were less exposed to the kind of hands-on activity that 
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enabled them acquire certain laboratory skills. Or, it could be that the kind of 
hands-on activity provided didn’t teach them the skills necessary to carry out 
laboratory procedures. 
Aside from the debates concerning the aims of hands-on science, there are 
also controversies directed towards the organization or structure of the 
hands-on science activities in the current time. Theoretical literature presents 
arguments indicating that the structure of hands-on science activities is too 
restrictive. In particular, Hodson (1998) criticized that the statement of the 
problem, the experimental design, and the interpretation of data and the style 
of write-up are all under strict teacher control. Other educators criticized that 
this cookbook nature of hands-on activities fails to support inquiry (Edmund, 
2002; Huber and Moore, 2001). 
     These debates have been the subject for research aiming at looking for 
ways by which the organization of hands-on activities can be improved in 
order to generate much success in pupil learning.     
 
8. Recent Developments in Hands-on Science 
     The dissatisfactions with hands-on science, most especially on the 
organization of its activity, have led to a common proposal on how hands-on 
science activities may be structured to achieve more success with pupil 
learning. This proposal is the inclusion of inquiry into hands-on science. This 
can be done by providing opportunities for pupils or students to practice 
inquiry actions while they engage in actual manipulation of things. The 
National Research Council (2000) enumerated the facets of science inquiry 
practices which include: 
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1) asking questions to investigate; 
2) designing procedures for investigation; 
3) making predictions; 
4) gathering qualitative and quantitative data; 
5) making observations and recording data; 
6) manipulating data into graphs or charts; and 
7) interpreting data and linking predictions to results 
      
It is recommended that these actions should be experienced by students from 
kinder through grade 12 though the level of complexity varies from grade level 
to grade level.  
When these actions are integrated into the structure of hands-on science, 
a new phrase has been added, and the activity is called hands-on, inquiry 
based activity. This phrase has been used by other researchers like Lee et al., 
(2005). Others used the term hands-on investigation.   
One question might arise such as “What does it mean for students or 
pupils to be engaged in hands-on, inquiry based activity? What is clear is that 
pupils or students do not simply manipulate materials or objects but they are 
also doing inquiry actions in their investigations. It is believed that when 
students are engaged into this type of activity their ability to think critically 
are enhanced because they have to think what they should do and how they 
should do it in order to find solutions to the problem they are investigating 
rather than simply following the instructions made by the teacher.  
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8.1  Types of Hands-on, Inquiry based Science Activities  
The promotion for using hands-on, inquiry based science activities raises 
one question, what types of science activities are considered hands-on, inquiry 
based? In discussing about these types, the work of Herron (1971) can be 
useful in providing a framework that distinguishes the different types of 
science activities.  
It must be noted that his classification put more emphasis on three 
sections: (1) posing the problem or question; (2) planning the procedure; and 
(3) formulating the results or solution. The use of hands-on in these types of 
activities is not clearly emphasized.  
Considering the science teaching for elementary children, the author put 
equal emphases on the three sections identified by Herron as well as the use of 
hands-on. Thus, the phrase hands-on, inquiry based science activities is used.  
The four levels of inquiry (see Table 2.1 ) presented by Herron (1971), 
classified four types of science activity depending on who (teacher or students) 
gives the problem, procedure and solution. The digits 0-3 determine the level 
at which the science activity falls on based on what is given to the students. 
      
 
 
 
 
 
 
 
Table 2.1 Herron’s Levels of Inquiry 
Level Problem Procedure Solution 
0 ✔ ✔ ✔ 
1 ✔ ✔ ― 
2 ✔ ― ― 
3 ― ― ― 
Legend: ✔ Given     ―Not Given 
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0 confirmation/verification - students confirm a principle through a 
prescribed activity when the results are known in advance; 
1 structured inquiry - students investigate a teacher-presented question 
through a prescribed procedure; 
2 guided inquiry - students investigate a teacher-presented question 
using student designed/selected procedures; 
3 open inquiry - students investigate topic-related questions that are 
student formulated through student designed/selected procedures.  
 
At 0 (confirmation/verification) level, the teacher provides an activity in 
which the problem, procedure and solution or answer are given. Its opposite is 
level 3 (open inquiry) wherein the teacher requires the students to think of the 
problem they want to investigate, to plan or design a method to come up with  
the possible solutions. Level 3 activities are what most scientists do while 
level 0 activities are what most students do (McComas, 1997). 
Over reliance to levels 0 ((confirmation/verification) or 1(structured 
inquiry) types of science activities create some possible risks. Huber and 
Moore (2001) emphasize that the presentation of science as a process of 
following step-by-step instructions and filling in blanks on worksheets 
promotes erroneous and impoverished concepts regarding the nature of 
science. They go on stressing that the written directives deprive students of 
their ownership over their investigations. The given procedure also do not give 
students a sense of the skills they would need to be able to carry out level 2 or 
3 activities and to make decisions or discover information in their later life 
independent of others.  
 - 39 - 
This view does not directly imply that teachers should immediately move 
away from level 0 or 1 to the higher level (e.g. level 3). This shift may bring 
only undesirable impact especially to students who don’t possess the abilities 
to ask questions, design the procedure or make tables for recording the data. 
As Eastwell (2007) stated that “throwing” unprepared students into a Level 3, 
open inquiry activity may be as unproductive, in terms of both cognitive and 
affective outcomes, as the other extreme of restricting their experiences to 
Level 0 ( confirmation) activities only. The best way is for teachers to slowly 
change the structure of the activities and when students already have 
developed the skills to do the task with less structure, it would then be timely 
to engage them into full hands-on, inquiry-based activity. 
 
8.2 Framework for Hands-on, Inquiry based Science Activities 
     When students, especially elementary pupils, are engaged in hands-on, 
inquiry-based science activities, it is expected that problems or confusions 
arise because it requires more skills and knowledge, besides they have been 
exposed to the cookbook type for a long time. While making the problem and 
procedure can be a barrier to the aim of engaging students in hands-on, 
inquiry-based activities, the act of giving students the problem and procedure 
should be avoided as it denies opportunities for creativity, choice, and 
ownership. Hence, it would be necessary for teachers to provide support and 
guidance that will help students complete the task independently and 
successfully. The activity framework in Figure 2.3 is presented for this 
purpose. 
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This activity framework reflects several steps students need to do as they 
perform hands-on, inquiry-based science activities. As shown in the 
framework each step consists of questions that will assist students in thinking 
about and organizing the activity. Also, this framework will help make all 
students capable of engaging hands-on, inquiry-based science activities. 
 
 
 
What question do I want to find out? 
What is my hypothesis or temporary answer to the question?  
 
What materials will I need? 
What procedures or methods will I do in order to gather the  
necessary data? 
What will I observe? What will I record? How will I observe  
and record? Do I need to take measurement? 
 
What steps do I need to take to carry out my plan?  
What do I observe after I perform the steps? 
What results will I share to others? 
How will I do it? (oral or written form) 
Figure 2.3  Hands-on, inquiry based science activity framework 
 
Posing a question 
Planning the  
investigation 
 
Carrying out the 
investigation 
 
Was my hypothesis consistent with my data? 
What did I find out? 
 
Drawing a  
conclusion 
Communicating 
the results 
 - 41 - 
8.3 Example of Hands-on, Inquiry based Science Activities  
     Figure 2.4 shows a sample of hands-on, inquiry based science activity. 
Using the Herron’s level of inquiry, this type of activity belongs to level 2 or 
guided inquiry. 
In this activity, the step-by-step procedure and the table for recording the 
data are not presented in order to provide students the opportunities to think 
and decide on what procedure they have to do and on how they are going to 
record their observations.  
 
 
 
 
 
 
 
 
 
 
    
 
 
This level 2 (guided inquiry) can be further extended into level 3 which is 
open inquiry when students have gained competence and confidence on their 
skills to design the experiment. For example, the teacher may have an outdoor 
activity with his students focusing on observing the growth of plants. Going 
Do Plants Need Water In Order to Grow? 
 
1. Design an experiment to find out if plants need water in order to grow. 
2. Here are the materials you could use:  
      10 bean seedlings      2 identical cans         
3. Steps to carry out:         
4. Conduct your experiment for one week.        
5. Record your observations for one week in a table.         
6. Conclusion         
Figure 2.4  Modified example of hands-on activity  
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back to the classroom, he may guide students to engage in full inquiry similar 
to what is shown in Figure 2.5.  
Level 3 (open inquiry) type of activity provides more opportunities for 
students to make decisions as they determine what question they want to 
investigate, what materials they will need, what steps they are going to take 
and how they are going to record and use the data to provide explanations or 
to support their claim. Also, this is considered as the highest level of inquiry 
and when teachers provide this type of activity, students are able to experience 
authentic investigation parallel to the way scientists are doing. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Generally, these hands-on, inquiry based science activities enhance 
students’ ability to think critically because they have to think what they 
should do and how they should do it in order to find solutions to the problem 
1. Question we want to investigate: 
2. Our hypothesis: 
  Reasons: 
3. Materials we will need: 
4. To answer this question, we will do these steps: 
5. Our observations 
6. Our conclusion 
Figure 2.5  Further modification of the hands-on activity on “Do 
plants need water to grow?” 
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they are investigating. Also, students are able to develop the skills to ask 
question, plan experiments, record and interpret data, make conclusion and 
share findings to others. These are very important skills that students should 
possess because in real world, there are many situations that call for students 
to make decisions and solve problems where ready-made procedures and 
solutions are not available.  
 
8.4 Instructional Sequence that Promotes Hands-on, Inquiry based Instruction 
When using hands-on, inquiry based activities, there are several 
questions that might interest the teachers. These questions include, how 
would the sequence of the lesson be like if pupils have to do both hands-on and 
inquiry simultaneously? and how would the teacher and pupils interact in the 
science class using hands-on, inquiry based activities? 
     In answering these questions, two literatures have influenced greatly 
into providing an instructional sequence that promotes a kind of science 
instruction that is hands-on, inquiry based. These included the works of Linn, 
Lewis, Tsuchida, & Songer (2000) and the National Research Council (NRC) 
(2000). 
    The study of Linn, Lewis, Tsuchida, & Songer (2000) described the 
instructional sequence they observed when they conducted a study about 
elementary science lessons in 10 Japanese classrooms. They concluded that 
elementary science instruction in Japan reflects a coherent inquiry process. 
Additionally, the National Research Council (NRC) (2000) presented various 
images of teaching science as inquiry in elementary schools.  
Based on these two literatures, they shared similar image of science 
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instruction that is, it follows a sequence of activity structures as shown in 
Figure 2.6. These activity structures are essential because they explicitly give 
guidance for teachers on how they can provide their pupils with opportunities 
to do inquiry actions such as posing questions; making hypothesis; planning 
the procedure; doing hands-on; making observations; proposing answers or 
explanations; and communicating their results to other class members.  
These activity structures were used in the development of the lessons 
plans (see Appendix C) for the two hands-on teaching materials presented in 
Chapter 4. 
  
 
 
 
 
 
 
 
 
 
     
a) Eight Activity Structures 
     The discussions that follow describe the sequence of the lesson using 
hands-on, inquiry based activities. The two activities, paper spiral and 
convection jar, used as samples in the discussion in some activity structures 
were the hands-on activities developed and presented in Chapter 4.   
Reflecting or revisiting hypothesis or prediction 
Analyzing or organizing the information 
 
Exchanging information from investigations 
 
Carrying out the plan 
 
Eliciting pupils’ prior ideas or opinions 
Planning the Investigation 
Evaluating the lesson 
 
Connecting the lesson to real-life situation 
 
Figure 2.6  Eight Activity Structures 
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Activity Structure 1: Eliciting pupils’ prior ideas or opinions 
    During this phase, the teacher can ask pupils to share their prior 
knowledge about the topic. For instance, before doing the hands-on activity on 
“Paper Spiral”, the teacher can ask the pupils on what they already know 
about warm and cold air and the questions they have about it. The objective is 
not to evaluate pupils’ ideas but for the teacher to identify possible 
misconceptions stated by the pupils. These misconceptions can be dealt with 
on the subsequent phases: conduct of the investigations, exchange, analysis or 
organization of information.  
  The teacher-initiated questions, “Can you think of a way to make the 
paper spiral twirl?”, and “Can you think of a way to visualize convection 
current?” are used as a springboard for pupils to think of a process that will 
enable them to answer the questions. These brainstorming questions and the 
accompanying listing of ideas are essential to arouse enthusiasm and 
encourage creativity, and move them into designing an investigation before 
they realize what is happening. However, when the teacher poses a why 
question (e.g. Why does the paper spiral twirl?), it would be difficult for young 
pupils to design an investigation to come up with the possible answer to the 
question. Hence, they are blocked at this stage or do not know how to get 
started with the succeeding phase.  
 
Activity Structure2: Planning the Investigation 
     This planning phase provides opportunities for pupils to do inquiry. In 
the first phase, pupils already have ideas on the methods they need to do to 
achieve the goal (in this case, making the paper spiral twirl). At this point, 
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pupils’ attention are directed to the hands-on science planning form (see 
Figure 2.7) that may either be written on the blackboard or a copy of it will be 
provided to the pupils.  
 
 
 
 
 
 
 
 
 
 
Figure 2.7 Hands-on science activity planning form 
 
Steps 1 to 4 in the planning form should be completed by the pupils in their 
group. The teacher can begin facilitating pupils’ efforts to plan the 
investigation as they change the focus of inquiry from theory (can you think of 
a way) to application (can you find a way or how can
1. Question we want to investigate: 
 we make). Or, the teacher 
can help pupils restate the question, that is, “How can we make the paper 
spiral twirl?” for the first activity and “How can we visualize convection 
current?” for the second activity. These issues can be utilized by the teacher 
towards the discussion of their plan. Then, each group is given the opportunity 
to write their hypothesis, give their reasons for such prediction and discuss 
with each other the steps they need to follow. After they have organized their 
2. Our hypothesis: 
  Reasons: 
3. Materials we will need: 
4. To answer this question, we will do these steps: 
Hands-on Science Activity Planning Form 
 
Group’s Name: ____________________  Date: _______________ 
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ideas, each group should present their plan to the teacher and to the whole 
class for critique and approval before they can begin the actual investigation.   
Before beginning the investigation, the teacher continues to provide the 
necessary instruction to prepare the pupils for carrying out their plan. This 
instruction includes establishing the protocols for working in cooperative 
groups to ensure safety and order.  
 
Activity Structure 3: Carrying out the plan 
    With the partial completion of the planning form, pupils get the materials 
needed and begin their actual hands-on investigation in cooperative groups. 
Pupils may benefit from conducting several trials at this stage to test their 
ideas. For example, pupils would try to place the paper spiral on both sides 
and on top of the lighted candle. They may also try to put the smoke on the jar 
without lighting the candle, put smoke on the opening where the lighted 
candle is or on the opposite opening. Additionally, teachers can provide 
direction and instruction to enhance learning, (e.g. direct pupils to observe 
how the smoke moves when placed inside the jar). Finally, the pupils prepare a 
class presentation of their findings. 
      
Activity Structure 4: Exchanging information from investigations 
    As pointed out in the National Science Education Standard, the process of 
communicating their results to the audience is an important part of inquiry 
investigations. Each group is given the opportunity to share their findings 
with their classmates. It could be done verbally or pupils write or post their 
results on the board. The purpose is for all pupils to know the findings of other 
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groups and see if there are variations in their results. 
 
Activity Structure 5: Analyzing or organizing the information 
     The teacher facilitates in making summary or organizing the results 
shared by the pupils by highlighting similarities or differences. If there are 
variations in findings, the teacher can facilitate discussion among the pupils 
to find out the reasons for the differences. At this stage, the teacher can also 
introduce science terms and their definitions related to the investigation and 
can use pupils’ prior experience to explain the concept. Additionally, the 
teacher can address misconceptions shared by the pupils during the previous 
phases (e.g. eliciting of prior ideas/opinions or in planning phase).  
 
Activity Structure 6: Reflecting or revisiting hypothesis or prediction 
    It is vital that pupils reflect on the activities in which they engage. The 
teacher can encourage pupils to go back to their hypothesis or prediction and 
reflect whether their current understanding is consistent with their previous 
hypothesis. If confusion still arises, the teacher can suggest repeating the 
experiment.  
 
Activity Structure 7: Connecting the lesson to real-life situation 
  This stage can be useful in reinforcing the concept learned by connecting 
it to phenomenon that happens in real world. When pupils understand the 
relationship between the concept learned and their daily life experiences, they 
value the importance of studying it. Additionally, they can be able to provide 
scientific explanation on certain phenomenon that occurs in real world. For 
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instance, if pupils see lightweight litter spiraling up into the air, they come to 
understand that convection currents caused it. Since litter is unsightly, 
unhealthy and very easy to get on the air and dispersed, pupils come to realize 
the importance of keeping the trash cans always covered.  
 
Activity Structure 8: Evaluating the lesson 
   The Evaluation phase brings closure to the unit or lesson by posing 
questions that would assess pupils’ learning and by helping pupils make 
connections from their prior understanding to new situations that encourage 
the application of concepts. Teachers can use a variety of evaluation tools such 
as multiple choice items, portfolios, rubrics, concept maps and essays. In this 
research, an exit slip is used as an evaluation tool wherein the pupils will 
write their ideas or their understanding about the lesson learned.  
 
D. Implication 
Hands-on science has gained prominence from its inception in science 
instruction because it provides direct experiences among the students as they 
study the concepts which other methods like lecture and demonstration fall 
short of. Another factor that contributed to its popularity was the multiple 
purposes of hands-on science and the plethora of educational benefits students 
gain from this type of instruction. However, there were also debates 
surrounding its merits and currently, a great deal of attention has been 
directed towards the improvement of the organization of hands-on science 
activity. 
 Yet, the theoretical and empirical evidences supporting the 
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dissatisfaction over the use of hands-on science are inconclusive. It is difficult 
to say that hands-on science is ineffectual in promoting students’ science 
knowledge, skills and positive attitudes toward science. This is because there 
is a lack of evidence supporting this claim. 
The inclusion of inquiry into hands-on science is a desirable strategy to 
achieve more success with students’ learning. It is because pupils are not 
simply manipulating materials but they are thinking as well. This implies 
that pupils’ ability to think critically are enhanced because they have to think 
what procedure they should do and how they should do it in order to find 
solutions to the problem they are investigating rather than simply following 
the instructions made by the teacher. In this way, they develop in-depth 
understanding of science concepts and acquire skills necessary to become 
independent learners.  
However, engaging students into this type of science activities require 
more skills so it is expected that students, especially elementary children, may 
encounter some difficulties. Constant support and guidance, in the form of 
probing, from the teachers are critical at early stage for pupils to be able to 
complete the task with a feeling of success.  
The use of hands-on, inquiry based science activities requires explicit 
instructional sequence that describes how this activity be implemented in 
actual classroom. The eight activity structures offer a valuable tool for helping 
teachers plan the sequence of their lessons that provide opportunities for 
pupils to do both hands-on and inquiry actions during their investigation. 
 
Chapter III  Teachers’ Beliefs and Practices Regarding Hands-on Science  
in Japan and the Philippines 
 
A. Introduction   
     In Chapter 2, theoretical and empirical literatures regarding hands-on 
science were examined. Basing on this literature review, it is learned that the 
plethora of benefits of hands-on science instruction seem more than sufficient 
justification for promoting its use in teaching the contents of science. Despite 
this positive aspect, some issues or controversies abound. For instance, many 
science educators pointed out that the organization of hands-on science 
activities is proven to be too restrictive. The statement of the problem, 
experimental design, interpretation of data, and the style of write-up are all 
under strict teacher control (Hodson, 1998). Additionally, countless hands-on 
activities fail to support inquiry (Edmund, 2002; Huber and Moore, 2001).  
This dissatisfaction with hands-on science has led to a common proposal 
that aims to increase pupils’ responsibilities during investigation by having 
them do inquiry actions. These include pupils posing the question, designing 
and carrying out the procedure, taking measurements, making observations 
and conclusion, and communicating ideas with others.  
This recommendation has been around for a number of years. Hence, it 
would be interesting to explore the beliefs of teachers about these pupil 
responsibilities during science investigation. It is also important to include the 
views of teachers concerning their roles during science investigation and 
investigate whether they have translated their beliefs into their actual 
teaching practice.   
Studying these beliefs and practices would be more interesting if it 
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involves different nations, like Japan and the Philippines.  This international 
comparison is significant because there is little research that contrasted Japan 
and Philippine elementary-level science education. This limits our 
understanding about science teaching in these two countries.  
By examining previous comparative studies, research foci are placed on 
student achievement (TIMSS, 2003) and curriculum (e.g. Pawilen and Sumida, 
2005). From the Trends in International Mathematics and Science Study 
(TIMSS) (2003) database, it showed the substantial differences in science 
achievement of fourth-grade pupils between these two countries, from an 
average scale score of 543 for Japan to 332 for the Philippines, with the 
international average of 489. One variable that can be accounted for this 
difference is on the instructional approaches. As indicated in Japan’s Course of 
Study, there is greater emphasis on direct experiments with nature, and 
problem-solving (Takakura and Murata, 1998). Consequently, there were high 
percentages of teachers (71 percent of fifth- and 67 percent of sixth-grade 
teachers) who reported that they introduced experiments in their class 
(National Institute for Educational Policy Research, 2003). In contrast, the 
Philippine Elementary Learning Competencies do not contain policies or 
statements about the specific method for instance, the use of experiments or 
observations in the teaching of science (Department of Education, 2006). 
These differences in students’ science experiences might provide an 
explanation about the achievement gap between these two nations.   
With this cross-national study, researchers and educators will be 
informed of the beliefs and practices which may be similar or unique in both 
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nations and thereby, helping us expand our understanding about science 
teaching and learning in Japan and the Philippines. 
 
1. Rationale on Teachers’ Beliefs and Practices    
Previous  studies concerning teachers’ beliefs suggest that there is 
difficulty among many researchers to come up with a precise and generally 
accepted definition of teachers’ beliefs. This is primarily due to poor 
conceptualization and differing understanding of beliefs and beliefs structures 
(Pajares, 1992). Consequently, a variety of terms such as personal 
epistemologies, perspective, practical knowledge, values, attitudes, opinions 
and theories are used to mean teachers’ beliefs (Kagan, 1992; Pajares, 1992). 
However, in this study, teachers’ beliefs refer to the ideas, opinions or 
assumptions teachers hold about science teaching that are directly related to 
their roles and those of their pupils in the conduct of hands-on investigation. 
The beliefs that teachers have about teaching are well established by the 
time they were college students (Pajares, 1992) and depend to a large extent, 
on their knowledge of their subject matter; on what they know about what 
science is; and on what they know of reformed-based pedagogical strategies 
(Crawford, 2007). Hence, teachers’ beliefs may not necessarily be consistent 
with the changing views or new ideas about teaching and learning. 
Additionally, teachers’ beliefs influence their instructional practices 
(Nespor, 1987; Kagan, 1992; Pajares, 1992; Fang, 1996; Snider and Roehl, 
2007). The relationship between teachers’ beliefs and practices had been the 
focus of considerable research and nearly all of these studies revealed that 
there is a possible link between teachers’ beliefs and their actual classroom 
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practice. Brickhouse (1990) had demonstrated how beliefs influence classroom 
practice. In her study, one teacher believed that “scientific method is linear, 
rational process and scientific method is predetermined”. Also, this teacher 
believed that “science activities require following directions to get correct 
answers”. His classroom instruction reflected these beliefs and “he 
discouraged deviation from predetermined procedures because it resulted in 
wrong answers” (Brickhouse, 1990, p.56).  
Further studies have strengthened this interrelationship between 
teachers’ beliefs and practices. The research conducted by Laplante (1997) 
found that teachers’ beliefs of themselves and of their students in science 
influenced certain aspects of their teaching strategies. Also, Lederman (1999) 
revealed that the two most experienced teacher-respondents exhibited 
classroom practices consistent with their professed views about the nature of 
science, that is, these teachers incorporated inquiry-oriented activities that 
required students to collect data and infer explanations for the data that had 
been collected.  
This association between beliefs and practices are based on qualitative 
case studies of few teachers. However, this causal relationship should not be 
the basis for making assumptions because the interaction between teachers’ 
beliefs and practices is complex. Therefore, results may not be replicated for 
researches with different sampling frame (i.e. sample size or different 
nationalities).  
In this research, a quantitative measure using a survey questionnaire 
was employed to examine the beliefs and practices of Japanese and Filipino 
elementary teachers about hands-on science teaching. 
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B. Method 
 
1. Participants 
This study involved 350 elementary teachers in Japan and the 
Philippines. In Japan, one hundred seventy-one elementary teachers within 
Chiba Prefecture and one hundred seventy-nine elementary teachers from 
Metro Manila (Marikina City), Cebu and Davao cities in the Philippines 
responded to the questionnaire. 
 
2. Instrumentation 
A questionnaire (see Appendix A―English version or Appendix B―
Japanese version) was developed to measure teachers’ beliefs and practices 
about hands-on science. This quantitative research method is used because 
the author aimed to establish a large-scale depiction of teachers’ beliefs and 
practices which could be used as a basis from which subsequent data collection 
through interview or class observation could take place in order to explore the 
depth of these beliefs and practices. It is also the author’s intent to present 
general constructs to teachers and researchers which can be used as a means 
to reflect on or improve teaching practices.  
The questionnaire was designed solely for the purpose of assessing 
teachers’ beliefs and practices relating to hands-on science in Japan and the 
Philippines. Statements included in the questionnaire were taken from the 
reviews of literature about hands-on science (e.g. Lumpe & Oliver, 1991; Flick, 
1993; Haury & Rillero, 1994, Doran et al., 2002). For example, Flick (1993) 
mentioned that students’ engagement in hands-on science involves 
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communication where they are attending to the comments of other students. 
Lumpe & Oliver (1991) described that some hands-on science activities 
provide detailed procedures for students to follow. While other hands-on 
science activities present some directions, and clues for data collection to the 
students (Doran et al., 2002). 
This survey questionnaire consisted of three sections which are as 
follows: 
Section 1 – Demographic Data – This section asks the respondents to provide 
information relating to their sex, grade level they teach, highest educational 
attainment, years of teaching, and attendance to seminars, trainings or 
workshops on science teaching. These questions are asked to provide more 
information about the respondents. 
Section 2 – Teachers’ and pupils’ roles – This section is designed to determine 
the beliefs of teachers regarding their roles and those of their students in 
performing hands-on science activities. For each item, teachers were asked to 
rate their beliefs on a 5-point Likert-type scale, ranging from strongly disagree 
to strongly agree. The choices were: 1 = strongly disagree; 2 = disagree; 3 = 
undecided; 4 = agree; and 5 = strongly agree. Also, respondents were asked to 
rate the frequency of transforming their beliefs into actual classroom practices, 
ranging from never to always. The choices were: 1 = never; 2 = rarely; 3 = 
sometimes; 4 = often; and 5 = always.  
Section 3 – Barriers to hands-on science teaching – This section intends to find 
out teachers’ beliefs about the barriers that would hinder them from using 
hands-on science activities. For each barrier identified, they were asked to 
rate it using this scale: 5: strongly agree; 4: agree; 3: uncertain; 2: disagree; 1: 
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strongly disagree. Then they were asked to assess the level of difficulty based 
on their actual experiences using a different scale interpretation (1 = not a 
problem at all; 2 = a little problem; 3 = a moderate problem; 4= a big problem; 
and 5 = a very big problem).  
 
 
 
 
 
 
Figure 3.1 presents an item of the questionnaire that asks the 
respondents to express their beliefs about a teacher role during hands-on 
investigation. They are asked to circle 5 if they strongly agree, 4 if they agree, 
3 if they are uncertain, 2 if they disagree, or 1 if they strongly disagree that 
the teacher has to provide their pupils with materials or equipment list and 
procedure.  
In the second part of the item titled Frequency of Actual Practice, 
respondents were asked to indicate how often they have transformed this role 
in their actual teaching. They might choose 5 for always, 4 for often, 3 for 
sometimes, 2 for rarely, and 1 for never.   
This questionnaire was validated through consultations with Japanese 
and Filipino elementary teachers. Some items were reworded or deleted based 
on their comments or suggestions to make sure that the statements were 
appropriate in actual classroom settings in both countries and to ensure that 
the statements were a measure of the following: teacher roles, pupil roles and 
Figure 3.1 A sample item from the questionnaire 
Statement: In doing science activity, the teacher should provide the  
pupils with materials or equipment list and procedure. 
 
  A : Level of Agreement  5   4   3   2   1 
  B : Frequency of Actual Practice 5   4   3   2   1  
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barriers to using hands-on science. It had to be translated into Japanese 
because of the cross-national nature of this study. Several revisions were made 
to ensure that the Japanese and English versions have similar meanings. 
 
C. Results 
 
1. Demographic Data of the Participants  
The demographic information (see Table 3.1) of the elementary teachers 
in Japan and the Philippines who responded to the questionnaire is shown in 
percentage.  
 
 
 Japan Philippines 
 (n=171) (n=179) 
1. Gender     
      Male 41      10 
      Female 59      90 
2. Highest Educational Attainment   
      Associate Degree (two-year course) 11  
Bachelor’s Degree   81      23 
With units in Masters Degree       72 
Masters Degree    8       5 
3. Science related majors   30      15 
Non-science related majors 70      85 
4. Frequency of attendance to seminars, 
trainings/workshops on science 
teaching 
  
       0 51       8   
       1 25      39 
       2 7      28 
       3 3       9 
       4 4       7 
       5 3       7 
Table 3.1 Demographic data of the respondents (in %) 
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Findings reveal that there are more female elementary teachers which 
constitute ninety percent (90%) than male (10%) in the Philippines. This is 
because teaching is traditionally viewed as female occupation. Also, teaching 
in elementary schools require a lot of patience, and playing the role of a 
mother, especially in lower grades, so many men feel that they don’t suit well 
working with little children. In the same manner, there are more female 
teachers (59%) than male teachers (49%) in Japan. The gap is not as wide 
because Japanese society has high regard for teachers. Also, Japanese 
elementary teachers receive salaries that are competitive with those of their 
colleagues working in business or in other professions. As a consequence, both 
men and women are attracted to the teaching profession. 
Eighty-one percent of Japanese teachers had earned a bachelor’s degree 
and 8% had a master’s degree. In the Philippines, 72% of the teachers had 
units in master’s degree and 5% had a master’s degree. Many Filipino 
teachers are motivated to take units in master’s degree because of the 
promotional guidelines indicating that with a minimum of 18 units in Masters’ 
course, they can be promoted to the next position and with a maximum of 31 
units, they can receive a certificate for Complete Academic Requirements for 
Master of Arts (CARMA) which will qualify them to become administrators. 
There is also a slight difference in the ranking system between those teachers 
who are full-pledged MA and those having MA units only. This results to the 
low motivation of teachers to write thesis dissertation.  
     Eleven percent of Japanese teachers obtained a teachers’ certificate from 
a two-year college, but none of the teachers in the Philippines since a four-year 
course in education is a prerequisite to teach in elementary schools. However, 
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when the educational system in both countries is compared, Philippines is 2 
years shorter than Japan, with 6-4-4 (primary-secondary-tertiary education) 
structure. Japan has 6-3-3-4 (primary-secondary-tertiary education) structure. 
With this system, Filipino teachers who held bachelor’s degree are comparable 
to those Japanese teachers who completed a two-year teacher education 
course. This 2-year gap would have an impact on teachers’ know-how about 
their science teaching.  
Majority of the Japanese (70%) and Filipino (85%) teachers are not science 
specialists or science degree holders. This is primarily because teachers from 
both countries usually teach all the subjects. However, in some cases, both 
countries have teachers who are science or other subject specialists, hence, 
they only teach their specialty. 
Additionally, there are more Filipino teachers who attended seminars, 
trainings/workshops on science teaching once or twice a year than Japanese 
teachers. This is because studies have shown that the quality of education in 
the Philippines is deteriorating, thus the Department of Education required 
public schools to conduct in-service training for teachers during semestral 
break and summer vacation to   improve their teaching. However, in Japan, 
a majority of teachers don’t have the opportunity to attend seminars, trainings 
or workshops at least once a year. Instead, Japanese teachers improve their 
teaching through research lessons (kenkyuu jugyou) conducted collaboratively 
by teachers (Linn, Lewis, Tsuchida, & Songer, 2000). This practice provides 
opportunities for teachers to see others teach, thereby allowing them to reflect 
their own teaching, gain new insights from observing the class and refine the 
teaching technique.   
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2. Teachers’ Beliefs and Practices 
Teachers’ responses to the items were presented in mean. The t-test was 
used to analyze whether there is a significant difference between the means of 
Japanese and Filipino elementary teachers. The sequence of the presentation 
of the findings is as follows: 1) teachers’ beliefs and actual practices relating to 
their roles in hands-on science; 2) teachers’ beliefs and actual practices 
relating to their pupils’ roles in hands-on science; 3) teachers’ beliefs and 
actual practices about the barriers to hands-on science teaching; and 4) 
associations between beliefs and practices. 
 
2.1 Teachers’ Roles in Hands-on Science 
Figure 3.2 shows the results of the responses of Japanese and Filipino 
elementary teachers concerning their beliefs and actual practices on their 
roles in the conduct of hands-on science. The graph on the left side represents 
the beliefs of teachers on a 1-to 5-point Likert scale (1 = strongly disagree; 2 = 
disagree; 3 = undecided; 4 = agree; and 5 = strongly agree) while on the right 
side reflects the actual practices on a 1- to 5-point Likert scale (1 = never; 2 = 
rarely; 3 = sometimes; 4 = often; and 5 = always).  
We first discussed the beliefs of teachers about their roles. Items with 
mean scores of 4.21 and above were described and interpreted as the most 
important roles teachers should do in hands-on science. 
Based on the responses of Japanese teachers, they considered four items 
(1, 2, 5, and 8 with mean scores of 4.21, 4.46, 4.24, and 4.28 respectively) as 
the most important roles teachers should do in hands-on science. The teacher 
roles include providing pupils with materials/equipment list and procedure, 
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Figure 3.2  Teachers’ beliefs and actual practices relating to their roles 
in hands-on science 
 
setting the challenge and the parameters of the activity, allowing their pupils 
to discover the answers to the investigated problems by themselves, and 
encouraging their pupils to discuss with each other on how to go about solving 
the problems. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
In the Philippines, teachers believed three items (4, 5, and 8 with mean 
scores of 4.31, 4.35, and 4.38 respectively) as the most important roles they 
should in hands-on science. These include giving some directions or some clues 
in solving the problems, allowing their pupils to discover the answers to the 
1. The teacher provides pupils with materials 
or equipment list and procedure. 
2. The teacher sets the challenge and the 
parameters of the activity.  
3. The teacher gives the problem and let the 
pupils plan for ways to solve it. 
4. The teacher gives some directions or some 
clues in solving the problem. 
 
5. The teacher allows the pupils to discover the  
answers to the investigated problem by  
themselves. 
 6. The teacher provides choices for the answer  
to the problem. 
7. The teacher involves pupils in the selection 
of problems to be explored. 
 
 8. The teacher encourages pupils to discuss   with each other on how to go about solving  
the problems. 
 
 
**:p<.01   *:p<.05       Japan    Philippines 
Beliefs Actual Practices 
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investigated problems by themselves, and encouraging their pupils to discuss 
with each other on how to go about solving the problems. It is apparent from 
their professed beliefs that both Japanese and Filipino teachers gave similar 
importance on their roles that comprise allowing their pupils to discover the 
answers to the investigated problems by themselves, and encouraging their 
pupils to discuss with each other on how to go about solving the problems 
(items 5 and 8).  
The results also revealed that Japanese and Filipino teachers expressed 
differing views on their roles in hands-on science. The t-test computations 
proved that this observed difference was statistically significant on four items. 
These were item 2 (t(346)=3.78, p<.01); item 4 (t(347)=6.30, p<.01); item 6 
(t(338)=2.839, p<.01); and item 7 (t(339)=4.86, p<.01). Among these items, it is 
noticeable that the mean difference between Japan and Philippines on items 6 
and 7 is somewhat big. This suggests that Filipino teachers believed that it is 
more important if they provide choices for the answer to the problem and 
involve their pupils in the selection of the problems to be explored than their 
Japanese counterparts.  
Next, we examined the frequency of the implementation of teachers’ 
beliefs about their roles into their actual teaching practice. Items with mean 
scores ranging from 3.41-4.20 were explained and interpreted as frequently 
done in their actual teaching. It is apparent that in hands-on science Japanese 
teachers had frequently done their roles that are described in items 1, 2, 4, 5, 
and 8 (with mean scores of 3.86, 4.15, 3.85, 4.24, 3.54 respectively) in their 
actual teaching. On the contrary, Filipino teachers had frequently 
implemented their roles in almost all of the items. It is also observed that the 
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means of Filipino teachers in many of the items were higher compared to the 
Japanese. When t-test was computed, we found that this observed difference 
was statistically significant on seven items. These items were item 2 
(t(337)=2.45, p<.05); item 3 (t(340)=6.18, p<.01); item 4 (t(341)=8.98, p<.01); 
item 5 (t(342)=8.08, p<.01); item 6 (t(332)=7.14, p<.01); item 7 (t(333)=10.60, 
p<.01); and item 8 (t(334)=6.54, p<.01). For instance, item 4 suggests that 
Filipino teachers had carried out this role in their actual teaching more 
frequently than their Japanese counterparts.  
If we assume that the strong support or agreement expressed by teachers 
about their roles would be carried out constantly in their actual classroom 
practices, it would be surprising to know that Japanese teachers failed to 
always do what they strongly believed upon as their roles in the conduct of 
hands-on science. In particular, Japanese teachers were unable to constantly 
implement their roles as described on items 5 and 8 in their actual teaching 
even if they considered them as most important roles.  
 
2.2 Pupils’ Roles in Hands-on Science 
     The results in Figure 3.3 represent the beliefs and actual practices of 
Japanese and Filipino teachers concerning the roles of their pupils in 
hands-on science. Items with mean scores of 4.21 and above were discussed 
and interpreted as the most important roles pupils should do in hands-on 
science.  
     We found that Japanese teachers believed that it is most important if 
pupils work collaboratively and share their findings and ideas with peers 
(items 7 and 8 with mean scores of 4.28 and 4.41 respectively). While Filipino 
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teachers considered four items (1, 6, 7, and 8 with mean scores of 4.38, 4.22, 
4.34 and 4.28 respectively) as the most important roles pupils should perform 
during their hands-on science activities.  These roles consist of pupils doing 
the procedure step by step and answer the given questions; acting like little 
scientists as they make observations, set up experiments, collect/interpret 
data, build conclusions; working collaboratively with their peers; and sharing 
their findings and ideas with peers. Obviously, pupil roles pertaining to 
working collaboratively and sharing their findings and ideas with their peers 
were given similar importance by both Japanese and Filipino teachers.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.3 Teachers’ beliefs and actual practices relating to their pupils’ 
roles in hands-on science 
 
1. The pupils do the procedure step by step  
and answer the given questions. 
4. The pupils solve the problem with some 
  instructions or clues for data collection    
from the teacher. 
5. The pupils select the answers to the   
questions from the given choices. 
7. The pupils work collaboratively with their 
peers. 
 8. The pupils share findings and ideas with  
their peers. 
6. The pupils act like little scientists as they  
make observations, set up experiments, 
collect/interpret data, and build conclusions. 
2. The pupils design the procedure to solve   
the problem. 
3. The pupils get the solution(s) of the problem    
with some help from the teacher. 
 
**: p <.01            Japan           Philippines 
 
Beliefs Actual Practices 
 - 66 - 
The findings also showed that Japanese and Filipino teachers had 
expressed contrasting views on several items. When t-test was computed, we 
found that this observed difference was statistically significant on six items: 1 
(t(341)=15.14, p<.01); 2 (t(340)=5.33, p<.01; 3 (t(339)=8.94, p<.01); 4 
(t(339)=10.00, p<.01); 5 (t(340)=18.34, p<.01); and 6 (t(340)=3.97, p<.01). 
Based on these results, it is apparent that Filipino teachers believed that it is 
important for pupils to select the answers to the questions from the given 
choices (item 5 with mean score of 4.02), whereas Japanese teachers viewed it 
as less important. Also, Japanese teachers regarded items 3 and 4 (with mean 
scores of 3.36 and 3.15 respectively) which involve pupils getting the solutions 
of the problem with some help from the teacher, and solving the problem with 
some instructions or clues for data collection from the teacher as fairly 
important but Filipino teachers considered them important. 
We then investigated the actual practices of teachers in relation to their 
professed beliefs on pupils’ roles. Items with mean scores ranging from 
3.41-4.20 were explained and interpreted as frequently done in their actual 
teaching. In doing hands-on science, Japanese teachers had often allowed 
their pupils to perform the roles as reflected on items 7 and 8 (with mean 
scores of 4.17 and 4.12 respectively). Conversely, Filipino teachers had often 
let their pupils do the roles as described in almost all of the items.  
It is also observed that in all of the items the means of Filipino teachers 
were higher compared to the Japanese. The t-test computations proved that 
this observed difference was statistically significant: 1 (t(335)=14.31, p<.01); 2 
(t(335)=11.08, p<.01); 3 (t(335)=8.02, p<.01); 4 (t(335)=8.58, p<.01); 5 
(t(336)=17.34, p<.01); 6 (t(336)=11.59, p<.01); 7 (t(336)=3.08, p<.01); and 8 
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(t(337)=2.60, p<.01). Based on these data, it is evident that there is a wide 
mean difference between the two countries, particularly items 1 and 5. This 
suggests that Filipino teachers had let their pupils do the procedure step by 
step and select the answers to the questions from the given choices more 
frequently than their Japanese counterparts.  
 
2.3 Barriers to Hands-on Science Teaching 
Figure 3.4 shows the beliefs of Japanese and Filipino teachers about the 
barriers they think would prevent them from using hands-on science as well 
as the degree of difficulty for each barrier based on their actual experience.   
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
1. Inadequate laboratory apparatus 
2. Lack of science materials 
 
3. Number of pupils in class 
4. Length of class period 
5. Planning time 
6. Classroom management 
Figure 3. 4 Teachers’ beliefs and actual practices relating to the barriers 
in hands-on science teaching 
**: p <.01            Japan           Philippines 
 
7. Pressure of covering the entire textbook  
content  
8. Difficulty in organizing the entire activity 
 
   
9. Difficulty in assessing pupils’ performance 
 
 
 
10. Limited background and experience in the 
   use of science materials 
Beliefs Actual Practices 
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Items with mean scores of 4.21 and above were discussed and interpreted 
as major barriers to hands-on science teaching. 
When we analyzed the data on teachers’ beliefs relating to barriers, it is 
clear that Japanese teachers considered inadequate laboratory apparatus, 
planning time and limited background and experience on the use of science 
materials (items 1, 5, 10 with mean scores of 4.5, 4.27, and 4.23 respectively) 
as major barriers that would prevent them from providing hands-on science. 
In contrast, Filipino teachers regarded inadequate laboratory apparatus and 
lack of science materials (items 1 and 2 with mean scores of 4.28, and 4.29 
respectively) as main barriers.  
When t-test was calculated to determine whether there were mean 
differences on all the items, we found significant differences on eight items. 
These were item 1 (t(346)=2.85, p<.01); item 2 (t(345) = 4.35, p<.01; item 3 (t 
(346)=8.40, p<.01); item 5 (t(345)=6.07, p<.01); item 7 (t(338)=8.43, p<.01); 
item 8 (t(339)=9.32, p<.01); item 9 (t(340)=9.10, p<.01); and item 10 
(t(340)=5.97, p<.01). Among these items, it became evident that on items 3, 7, 
8 and 9 there were wide mean differences between Japan and the Philippines. 
These findings revealed that barriers relating to class size and pressure of 
covering the entire textbook content (items 3 and 7) were neither considered 
nor rejected as problems by Japanese teachers while Filipino teachers believed 
that these two items could prevent them from using hands-on science. 
Additionally, Japanese teachers did not perceive difficulties in organizing the 
entire activity, and in assessing pupils’ performance (items 8 and 9) as 
barriers; however Filipino teachers considered them as problems.  
The actual teaching experience was then explored to determine how the 
 - 69 - 
teachers consider the degree of difficulty for each barrier. Items with mean 
scores ranging from 3.41-4.20 were described and interpreted as big problems. 
In Japan, teachers considered six items (1, 2, 4, 5, 6, and 10 with mean scores 
of 4.2, 3.58, 3.51, 4.12, 3.45, and 3.96 respectively) as big problems, namely 
inadequate laboratory apparatus, lack of science materials, length of class 
period, planning time, classroom management and limited background and 
experience on the use of science materials. Conversely, in the Philippines, 
teachers regarded four items (1, 2, 3, and 4 with mean scores of 4.02, 3.9, 3.87, 
and 3.5 respectively) as big problems specifically, inadequate laboratory 
apparatus, lack of science materials, number of pupils in class and length of 
class period. It is apparent that in both countries, teachers had experienced 
big problems relating to laboratory apparatus, science materials, and length of 
class period in their actual teaching.  
When t-test was computed to all the items, we found significant 
differences on seven items. These were item 2 (t(339)=3.13, p<.01); item 3 
(t(341)=8.15, p<.01); item 5 (t(341)=8.38, p<.01); item 7 (t(332)=5.70); item 8 
(t(333)=6.89, p<.01); item 9 (t(334)=6.73, p<.01); and item 10 (t(335)=6.32, 
p<.01). These observed differences indicate that Japanese and Filipino 
teachers had experienced differing degree of difficulty to hands-on science 
teaching. For instance, Japanese teachers regarded difficulties in organizing 
the entire activity, and in assessing pupils’ performance (items 8 and 9) as 
little problems, whereas Filipino teachers considered them as moderate 
problems.  
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2.4 Associations between Beliefs and Practices 
   Earlier studies stated that beliefs and practices were interrelated 
(Brickhouse, 1990; Laplante, 1997; Lederman, 1999). Table 3.2 presents the 
correlation analysis, using Pearson, between the beliefs and practices of 
Japanese and Filipino teachers. 
The results manifested that there are substantial relationships on seven 
items (1, 2, 4, 5, 6, 7, 8) and a moderate correlation on item 3 between 
Japanese teachers’ beliefs about their roles and their actual practices. In the 
Philippines, there were substantial relationships on two items (6, 7) and 
moderate relationships on five items (2, 3, 4, 5, 8) between Filipino teachers’ 
beliefs about their roles and their actual practices. 
 
 
 
 
 
These findings indicate that the more the Japanese and Filipino teachers 
  
 
     
Item Japan Philippines Japan Philippines Japan Philippines 
1 .60 .21 .71 .52 .70 .65 
2 .54 .47 .52 .51 .73 .66 
3 .30 .42 .40 .59 .80 .69 
4 .57 .46 .55 .54 .83 .56 
5 .53 .49 .65 .53 .73 .68 
6 .66 .56 .48 .51 .74 .52 
7 .66 .63 .55 .59 .77 .67 
8 .57 .47 .54 .51 .78 .69 
9 − − − − .87 .74 
10 − − − − .67 .71 
Table 3.2 Correlations between teachers’ beliefs and actual teaching 
practices/experiences 
 
Teachers’ roles Pupils’ roles Barriers 
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consider their beliefs about their roles as important, the more likely they tend 
to transform these beliefs in their actual practice. However, it is observed that 
on items 1 and 3, there were low and fair relationships that existed between 
teachers’ beliefs and actual practices in the Philippines and Japan respectively. 
On the part of Filipino teachers, the low relationship between their beliefs and 
actual practices on item 1 suggests that even if they think that it is important 
to provide pupils with materials/equipment list and procedure, they have the 
tendency not to do this role in their actual teaching. The reason might be that 
they consider the significance of involving their pupils in planning for the 
hands-on science activities. On the other hand, the fair relationship the 
existed between the Japanese teachers’ beliefs and actual practices on item 3 
signifies that although Japanese teachers believe that it is very important for 
them to give the problem and let the pupils plan the ways to solve it, they tend 
not to implement this role in their actual teaching because they feel that it 
might be difficult for pupils to design an experiment by themselves in order to 
come up with the solution to the problem. 
  Regarding teachers’ beliefs and actual practices on pupils’ roles, the 
results revealed that there is very strong relationship on item 1, substantial 
relationships on five items (2, 4, 5, 7, 8), and moderate relationships on two 
items (3, 6) between Japanese teachers’ beliefs and their actual teaching 
practices. In the Philippines, there are substantial relationships between 
teachers’ beliefs in all the items on the roles of pupils and their actual 
practices. These findings show that in most of the items Japanese and Filipino 
teachers’ beliefs and actual practices are substantially correlated, which 
means that they tend to more or less carry out all their beliefs about pupils’ 
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roles in their actual teaching. However, it is noticeable that in Japan, only 
item 1 had a very strong relationship between teachers’ beliefs and actual 
practices. This shows that Japanese teachers less likely let their pupils do the 
procedure step by step and answer the given questions because they consider 
the importance of pupils’ involvement in planning the hands-on science 
activities.   
     The data on teachers’ beliefs and actual teaching experience on the 
barriers in hands-on science manifested that there are very strong 
relationships on eight items (1, 2, 3, 4, 5, 7, 8, 9,) and a substantial 
relationship on item 10 between Japanese teachers’ beliefs and their actual 
teaching experience. In the Philippines, there were very strong relationships 
on two items (9, 10) and substantial relationships on eight items (1, 2, 3, 4, 5, 6, 
7, 8) between teachers’ beliefs and their actual teaching experiences. These 
findings indicate that the more Japanese and Filipino teachers perceived the 
items as barriers that would most likely prevent them from using hands-on 
science, the more likely they considered them as problems in their actual 
teaching experience.  
 
D. Discussion 
     The results of our study provide evidence of the beliefs and actual 
teaching practices of Japanese and Filipino elementary teachers about 
hands-on science teaching. These findings can contribute to our understanding 
about science teaching in both countries. 
     Results of international comparisons of elementary science teaching in 
Japan concluded that Japanese teachers often tell the equipment or materials 
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available for the hands-on experiment, guide their pupils (small group, whole 
class, individual) in designing the method of investigation, allow their pupils 
to share their findings within small groups or report them to the whole class 
(Linn, Lewis, Tsuchida, & Songer, 2000). This is consistent with the findings 
from our study, suggesting that Japanese teachers have the tendency to 
provide their pupils with materials/equipments, involve them in planning, and 
allow them work collaboratively.  Other comparative studies, such as TIMSS 
(2003) further support this finding, that is, majority of fourth-grade Japanese 
pupils spend their time designing and doing the experiments in small groups. 
These characteristics of science activities support a coherent inquiry process 
(Linn, Lewis, Tsuchida, & Songer, 2000).   
     The Course of Study in Japan emphasizes practical work (Pawilen and 
Sumida, 2005) that enable pupils to gain insights into natural phenomena 
through observations and experiments. These efforts would cause Japanese 
teachers to experience big problems relating to planning time and limited 
background and experience on the use of science materials.  
Although there is fairly little research on elementary science teaching in 
the Philippines, some of our questionnaire results are consistent with 
published studies. The results of this study indicating that Filipino teachers 
put focus on having their pupils design the procedure to solve the problem and 
work collaboratively with their peers are consistent with the TIMSS (2003) 
findings. However, it was reported that only a few fourth-grade Filipino pupils 
spend about half of their science lesson or more on designing and doing the 
experiments and working in small groups (TIMSS, 2003). This suggests that 
many Filipino teachers tend to allow their pupils follow the procedures step by 
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step as evidenced by the findings of our study.  
Other results in this study have not been reported previously and may 
provide additional information into how the teachers and pupils interact with 
each other during the conduct of hands-on science in many schools in the 
Philippines. The new result is that Filipino teachers normally provide 
procedures and answers to the problems. This finding raises a question about 
science teaching in the Philippines. For example, why are Filipino teachers 
particularly concerned with the provision of procedures and solutions? 
Possibly, teachers’ views about how students learn influence the way they plan 
their science activities. 
The most frequently mentioned problems by Filipino teachers that 
hinder them from using hands-on science were inadequate laboratory 
apparatus, lack of science materials and number of pupils in class. This is 
consistent with the report of Marinas (2000) stating that learning materials 
such as books and science equipment are either unavailable or inadequate in 
many schools and teacher’s manuals to guide teachers teach more effectively 
are insufficient as well. Similar research findings were reported by Hatanaka 
and Nagasu (2004) and they further stated that the large class size also posed 
a difficulty in carrying out experiments. There is no doubt that this aspect 
causes a major barrier considering that the number of pupils in elementary 
level in many public schools is around 50 or more and teachers possibly will 
find it difficult to organize hands-on activities with this class size and with 
limited space and equipment. 
Japanese and Filipino elementary teachers in our sample demonstrated 
a considerable degree of connectedness between their beliefs and actual 
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teaching practices. Because this research employed quantitative method, the 
finding strongly corroborated previous qualitative studies done by Lederman 
(1999), Laplante (1997), Brickhouse (1990) which claim that beliefs and 
practices are interrelated. This relationship suggests that teachers’ beliefs 
that are culturally shared are observed in their classrooms. For instance, both 
Japanese and Filipino teachers put more emphasis on pupil collaboration in 
the conduct of hands-on science activities. 
 
E. Implications 
     The beliefs and practices expressed by teachers help us understand how 
hands-on science is portrayed in two different classrooms, Japan and the 
Philippines. In the current time, traditional or cookbook hands-on science 
activities have been criticized because they fail to support inquiry (see reviews 
by Oyao and Fujita, 2008). It is recommended that science activities should 
not purely be hands-on but ought to incorporate the components of inquiry. In 
this way, pupils don’t simply follow step-by-step instruction. Instead, they are 
doing inquiry actions such as posing their own question, and designing the 
method of investigation.  
Based on the findings of this current study, Japan has already been 
implementing the recommended ways on how the teachers and pupils should 
act in science investigation. However, in the Philippines, teachers had a set of 
beliefs and practices that seem to be at odds with the present 
recommendations. These beliefs and practices depict a traditional or cookbook 
type of hands-on activity where the teachers regularly instruct their pupils to 
follow the procedures step by step and select the answers to the problems from 
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the given choices. Over emphasizing on these aspects limit the educational 
benefits over the use of hands-on activities and may promote misconception of 
what it means to do science.   
If Filipino teachers aim to align their beliefs and practices to the recent 
reform, they may need to change their views and practices. This raises a 
question as to how we influence change since reviews of literature (Lumpe, 
Haney & Czerniak, 2000; Nespor, 1987) indicated that beliefs appear to be 
resistant to change and are static. Also, if beliefs and practices are interrelated 
as the findings suggest, there are important implications for the way we think 
about the interaction between beliefs and practices. In particular, we cannot 
assume that a change in teachers’ beliefs will also change their practices 
because as Fang (1996) contends that teachers’ reported beliefs may appear to 
be inconsistent with their classroom practices. It could be the other way 
around that is a change in their practice could possibly bring a change in their 
views. It is then suggested the need to conduct school-based research that aim 
to improve teaching practices. Filipino teachers could possibly learn from the 
way Japanese teachers improve their teaching through engaging in research 
lessons. This practice may provide opportunities for Filipino teachers to watch 
others teach which will enable them to reflect on their own teaching, exchange 
feedback on the development of the lesson observed and critically discuss 
among each other the alternative approaches to teaching the content. In this 
way, meaningful change may occur.  
     The major barriers to hands-on science teaching experienced by Filipino 
teachers need to be addressed well. While there is nothing much that the 
teachers can do to increase the appropriation for the purchase of laboratory 
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apparatus or materials, there is much that they can do to develop more 
hands-on activities that make use of alternative materials that are 
inexpensive and readily available in the community. This proposal is similar to 
the recommendations of Shimizu (2000) which stressed the need to foster 
teachers’ inventiveness or ingenuity in designing their own teaching materials 
or aids which he deemed a better approach to overcome these hurdles 
considering the economic condition of the country. Therefore, both the colleges 
of education and at the school level ought to provide rigorous and relevant 
teacher education/training programs that would help teachers acquire the 
know-how necessary in developing their own teaching materials or aids. This 
effort can increase teachers’ effectiveness that would guarantee the use of 
hands-on investigations in their science teaching. 
     Generally, high correlations were observed between Japanese and 
Filipino teachers’ beliefs and practices, however in few items we found that 
teachers failed to always transform what they strongly believed upon or 
considered as most important roles in their actual teaching practice. In this 
study, we could not clearly point out its cause. Hence, it would be interesting 
to find out the constraints or pressures in real classroom setting that could 
possibly create a difficulty in transforming their beliefs into practice through 
qualitative study.  
 
Chapter IV  Development of Hands-on Teaching Materials on Air Convection 
-An instructional model for elementary science teaching in the Philippines- 
 
A. Introduction 
    In Chapter 3, the results of the survey questionnaire were presented and 
they indicated that the main barriers to hands-on science teaching in the 
Philippines include inadequate laboratory apparatus, lack of science materials, 
large number of pupils in class, and pressure of covering the entire textbook 
content. Additionally, Filipino elementary teachers have a set of beliefs and 
practices that seem to be at odds with the current views about teacher-pupil 
responsibilities during the conduct of science investigation. That is, they 
usually provide the procedures and answers to the problem. 
    This state of affairs necessitates the development of a teaching model that 
will help teachers overcome the stumbling blocks to providing hands-on 
science activities. Moreover, teachers need a specific teaching model that will 
help them see and understand how the suggested teacher-pupil roles during 
hands-on investigation can be practiced in their classrooms. This might be 
instrumental in influencing their beliefs and practices that could possibly 
bring about change and make them in consonance with the recent views about 
how the teacher and pupils should act during hands-on investigation.  
  In this chapter, it attempted to develop hands-on teaching materials to 
address the above-mentioned need as well as those described in Chapter 1 that 
include the demands for improving teaching practices and pupil achievement. 
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B. Development of Hands-on Teaching Materials  
 
1. Reasons for Selecting the Air Convection Concept  
Air convection is an interesting phenomenon that involves the movement 
of air because of the differences in temperature. By examining the sixth-grade 
science book (e.g. Science and Health: Textbook for Grade 6, p. 165) commonly 
used in the teaching of this concept in the Philippines, convection is taught 
using the science activity presented in Figure 4.1 
 
 
Convection 
 
Both air and water move because of differences in temperature. The 
movement of gas or liquid brought about by temperature differences 
produces convection current. Heat is transferred by convection when 
gas or liquid moves from one place to another. We use the term fluid for 
a material that flows. Gas and liquid are fluids. 
 
 
 
 
 
 
 
 
 
  The hot colored water in the small bottle rises in current.  
Heat transfer by convection occurs only in gases or liquid.  
 
 
Figure 4.1 Hands-on activity for convection 
 
Fill a small bottle with hot colored water. 
Cover it tightly. 
  Get a bigger jar and fill it with tap water  
from the faucet. 
  Carefully place the small bottle with colored 
hot water inside the big jar. 
  Observe how the hot colored water moves. 
      
 
Investigate 
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   In the science activity shown in Figure 4.1, sixth-grade pupils will learn 
that convection occurs in gas and liquid. The hands-on activity presented will 
enable children to visualize convection current in liquid that will facilitate 
better understanding about the differing movement of warm and cold water.  
    This phenomenon is used to explain that convection in gas occurs in the 
same manner. Since liquid and gas are two different states of matter, pupils 
may be confused or may not be convinced that both air and water move 
similarly when there is temperature difference.  
This lack of hands-on activity may lead pupils to find it difficult to 
understand and visualize air movement because air is invisible. Consequently, 
there is a tendency that they find it difficult to comprehend other phenomena 
that can be explained by convection in air such as wind, breeze, tornadoes and 
thunderstorms.  
In this paper, the author attempted to develop hands-on activities that will 
enable children visualize convection through the use of inexpensive and 
readily-available materials.  
 
2. Hands-on Teaching Materials: Paper Spiral and Convection Jar 
     The concept, air convection, is taught to Grade 6 pupils through 
conducting two hands-on activities shown in Figure 4.2.  
 
 
 
 
 
 
Activity 2: Convection Jar 
      Air Convection   
Activity 1: Paper Spiral 
Figure 4.2  Hands-on activities for air convection   
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The paper spiral activity should be used as an introductory activity while 
convection jar activity must be performed subsequently. It is not recommended 
to reverse the order of the activities.   
 
Activity 1: Paper Spiral 
In this hands-on activity, the pupils will discover that the paper spiral 
twirls when placed above the lighted candle. The reason is that the light from 
the candle heats the air above it. Warm air is lighter than cool air, so as the air 
heats up, it rises above the candle. Cool air moves in to replace the warmer, 
lighter air. This "convection current" causes the spiral to twirl.  
 
 
 
 
 
 
 
 
Materials 
          * thick bond paper                       
 * thread       
* candle 
* modeling clay 
* a pair of scissors 
* matchstick 
Figure 4.3 Paper spiral 
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Construction 
  Cut a piece of bond paper into a 6 cm (about 2") diameter spiral similar to 
the pattern shown in Figure 4.4. Cut a piece of thread 15 cm (6") long and tape 
one end to the paper spiral. Use modeling clay to make the candle sit.  
 
 
 
 
                                   
Figure 4.4 Pattern for Paper spiral 
 
Activity 2: Convection Jar   
In this activity, pupils will witness convection current. A piece of 
cardboard inside the jar separates the warm (with the lit candle) and cold 
(without the candle) air currents as shown in the diagram. Pupils will observe 
that when the smoke is placed in the opening without the lit candle, the cold 
air above it will push the smoke down the jar. The smoke will then warm, rise 
toward the candle, and exit the convection jar via the opening with the lit 
candle. 
 
Materials 
     * jar 
     * candle 
     * modeling clay or wire 
     * thick cardboard or incense 
     * match 
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Construction 
     Place the thick cardboard inside the jar. Then put the candle inside the 
jar and let it sit using modeling clay. If modeling clay is not available, tie the 
candle with a wire and attach the other end of the wire to the jar’s opening.  
Use a long match or a match taped to a pencil to light the candle. Make a 
tightly wadded up paper that can be used for producing smoke. Incense can be 
used instead of wad paper. 
 
3. Expected Problem 
    When doing the paper spiral activity, there is a tendency that the paper 
spiral may get burned when placed near the lit candle. The surrounding air 
may also cause the paper spiral to twirl without being placed above the lit 
candle. With regards to the convection jar activity, the movement of smoke 
inside the jar may not be clearly visible if only a small amount of smoke is 
placed on the part of the jar where there is no lit candle. Also, the smoke will 
not move and exit towards the other side of the jar with the lit candle when 
Figure 4.5 Convection jar  
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that side is not yet warmed. 
 
4. Improvement Measure 
    It is very important that the paper to be used for making the paper spiral 
is quite thick so that it is not very sensitive to slight movement in the 
surrounding. It is good that the pupils will hold the paper spiral by the thread 
about 7 inches above the lit candle to avoid burning.  
    In the convection jar activity, the pupils should use a thick cardboard to 
separate the warm and cold air inside the jar. After the candle is placed inside 
the jar and is lighted, it is better to wait for at least 3 minutes before putting 
the smoke inside the jar. The reason is for the air inside the jar, where the lit 
candle is located, to get warmed. It is also important that the wad of paper 
should be smoking profusely before putting it down over the side of the jar 
without the candle to be able to clearly see the movement of smoke inside the 
jar. 
 
5. Examination of the Two Hands-on Teaching Materials 
    The movement where warm air rises and cool air moves in to replace the 
warmer, lighter air is invisible. However, the existence of this phenomenon 
can be confirmed by doing the paper spiral activity. Pupils’ interest will be 
aroused as they observe the twirling of the paper spiral and they will begin to 
think what causes it to twirl. Thus, this paper spiral activity is effective and 
useful to introduce the convection concept.  
    The convection current that causes the twirling of the paper spiral is still 
invisible. But this phenomenon can be made visible through the convection jar 
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activity. This is appropriate to perform because it allows pupils to witness 
convection current as they observe the path of smoke inside the jar. This 
experience will reinforce their understanding about the concept. 
    The construction of the set-up is simple and convenient. It takes little 
time to construct the set-up, thereby allowing the teacher and pupils use more 
of their science time in hands-on exploration, making observations and 
discussing their observations and results. Pupils can also construct the set-up 
by themselves and this experience is valuable because pupils can produce the 
device of their own making and use it in their investigations. This opportunity 
will promote creativeness and interest to make devices. 
    The use of familiar materials (e.g. jar, candle, paper, cardboard, thread) in 
these activities illustrates a low or no budget science approach which is seen 
as an effective way to overcome the major problem relating to lack or 
inadequate science equipment or materials reported by many elementary 
teachers in the previous research (see chapter 3). This approach would 
guarantee the use of hands-on investigation in the teaching of science.  
Using these simple and inexpensive materials enable children to link 
science to their everyday life. In this way, they come to understand that 
science is everywhere and is not confined to doing experiments in the 
laboratory with the use of beaker, graduated cylinder, etc. Indeed, the 
effectiveness of the hands-on activity depend less on the costly apparatus or 
materials. The real key is on whether it stimulates interest and promotes 
understanding. 
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C. Making of the Detailed Lesson Plans for Air Convection  
 
1. Examination of the Philippine Elementary Learning Competency   
     The Philippine Elementary Learning Competency (PELC) in Science 
contains the contents and their objectives. As stated in the PELC, lesson on 
convection has the following objectives: 
a. to explain how heat travels 
b. to show evidence that heat travels by convection  
The PELC did not indicate any specific instructional method for teaching air 
convection. However, it is strongly emphasized that the ideal 
teaching-learning process should be interactive which means that there is 
mutual interaction between the teacher and students, between the students 
themselves and between the students and the instructional materials 
(Department of Education, 2002). 
     These points were taken into consideration during the development of 
the lesson plans for paper spiral and convection jar activities (see Appendix C). 
    
2. Features of the Lesson Plans 
     The lesson plans (see Appendix C) for air convection follow a sequence of 
activity structures as described in Chapter 2, Figure 2.6. These activity 
structures include (1) eliciting pupils’ prior ideas or opinions; (2) planning the 
investigation; (3) carrying out the plan; (4) exchanging information from 
investigations; (5) analyzing or organizing the information; (6) reflecting or 
revisiting hypothesis or prediction; (7) connecting the lesson to real-life 
situation; and (8) evaluating the lesson. These activity structures are similar 
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to the characteristics of science instruction in Japan at elementary-level as 
well as to the images of inquiry presented by the National Research Council 
(2000).  
     The discussions for each activity structures were found in Chapter 2. 
    
D. Proposed Instructional Sequence for Elementary Science Teaching 
in the Philippines 
 
As discussed earlier, Filipino teachers have the tendency to provide 
hands-on science activities that are of cookbook or traditional type. This 
activity feature may help explain the score interpretation of Filipino 
fourth-grade pupils in TIMSS 2003 which states:  
 
 
 
 
 
 
 
This score analysis is the lowest which means that Filipino children most 
likely could identify and interpret simple facts as well as provide short 
explanation. The highest score interpretation is that students can apply 
knowledge and understanding of science concepts and demonstrate beginning 
scientific inquiry knowledge and skills. 
Because Filipino pupils are exposed to cookbook type, they could not 
“Students have some elementary knowledge of the earth, life, and 
physical sciences. Students recognize simple facts presented in 
everyday language and context about Earth’s physical features, the 
seasons, the solar system, human biology, and the development and 
characteristics of animals and plants. They recognize facts about a range 
of familiar physical phenomena — rainbows, magnets, electricity, 
boiling, floating, and dissolving. They interpret labeled pictures 
and simple pictorial diagrams and provide short written responses to 
questions requiring factual information.”  (TIMSS 2003, p.65) 
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demonstrate higher order thinking skills for the reason that everything is 
provided to them－the question, procedure and solution. 
In comparison, Japanese fourth-grade pupils had a score which is 
interpreted as: 
 
 
 
 
 
 
 
 
This score analysis is considered high which signifies that Japanese 
fourth-grade were able to describe, explain, compare, contrast, and draw 
conclusion on the problems presented in the TIMSS test.  
Looking at science instruction in Japan, it is described as hands-on, 
inquiry based. As early as third grade, pupils were taught science through this 
method. Children were trained to think of the question, procedure and 
solution that promote the development of higher order thinking skills. This 
science instruction feature may help explain the high performance of pupils in 
TIMSS 2003. 
If Filipino teachers and those involved in science education aim to 
improve science achievement, then it is important that science teaching 
practices must be improved as well.  Thus, it is suggested that the kind of 
science instruction in the Philippine elementary schools should be similar to 
the developed hands-on teaching materials.  
“Students can apply knowledge and understanding to explain 
everyday phenomena. Students demonstrate some knowledge of Earth 
structure and processes and the solar system and some understanding 
of plant structure, life processes, and human biology. They 
demonstrate some knowledge of physical states, common physical 
phenomena, and chemical changes. They provide brief descriptions 
and explanations of some everyday phenomena and compare, contrast, 
and draw conclusions.” (TIMSS 2003, p.65) 
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This proposal implies that Filipino elementary teachers plan and teach 
science lessons following the eight activity structures. This lesson sequence 
provides greater responsibilities for pupils in their learning by involving them 
in posing the question and designing the procedure. Consequently, they do 
both hands-on and inquiry actions during their investigation. 
When children are taught science this way, it is believed that they can be 
able to apply their knowledge and understanding in complex situations and 
can demonstrate inquiry knowledge and skills. 
 
E. Conclusion 
      The developed hands-on teaching materials address some of the 
pronounced needs concerning science teaching at elementary-level in the 
Philippines.  
First, elementary science teachers are usually constrained by the 
unavailability or inadequacy of science equipment or materials. These 
developed hands-on teaching materials illustrate one effective solution to 
overcome this barrier by making use of readily-available materials that are 
inexpensive and usually found at home. This would guarantee the use of 
hands-on investigation that would make the teaching of science more effective, 
interesting and spark curiosity among young children.  
Second, for many elementary school teachers, hands-on, inquiry based 
science activities seem difficult in terms of planning and implementation. 
Teachers need a specific teaching model, such as described in this chapter that 
guides them towards the realization of this type of investigation.    
The lesson plans presented can be used as a reference material for 
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helping teachers (1) plan similar way of science investigation; and (2) see and 
understand how hands-on, inquiry based science activities can be practiced in 
their classrooms. 
Chapter V  Implementation of Hands-on Teaching Materials on Convection 
in the Philippines 
 
-Impact on sixth grade pupils’ knowledge and attitudes toward their science learning- 
 
 
A. Introduction 
In Chapter 4, two developed hands-on teaching materials, namely paper 
spiral and convection jar activities, which could be used in teaching 
sixth-grade pupils about air convection, were presented. These teaching 
materials incorporated both the components of hands-on and inquiry. As 
discussed in Chapter 2, this type of science investigation is desirable to 
achieve more success with pupil learning.  
On the other hand, a continuing point of debate abounds over the 
appropriateness of hands-on, inquiry based instruction for elementary school 
children. Some researchers argued that pupils may encounter difficulties 
when they do this type of science investigation because it requires more skills 
especially in doing the inquiry actions. Of particular concerns are pupils’ 
capabilities to pose question and plan the procedure.  
In considerations about the elementary science teaching in the 
Philippines, this type of science activity is not yet widely used. Therefore, it 
would be of interest to implement these developed hands-on teaching 
materials and explore their impact to pupils’ science knowledge and attitudes 
toward their science learning. The complementary goal of this research was to 
examine pupils’ overall assessment of their science class which used the 
developed hands-on teaching materials.  
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B. Method 
 
1. Participants 
This study involved 149 sixth graders (60 boys and 89 girls) from three 
sections in a public elementary school in the second district of North Cotabato, 
Philippines. 
It also involved two female science teachers who were requested to use the 
developed teaching materials in their science classes. Their teaching 
experience ranged from 4 to 5 years. One teacher had earned a Master’s 
degree in Education and the other has taken units in the same field.  
 
2. Classroom Instruction 
    The lesson about convection typically begins at the late part of the year. 
Therefore, pupils have not studied this concept and not been exposed to any 
hands-on activities related to convection. Prior to the instruction, the two 
science teachers were provided with the lesson plans and the necessary 
materials. Pupils were divided into five groups with nine members. 
The participating teachers followed the given lesson plans regarding the 
conduct of the activities: paper spiral and convection jar. In the following 
example, the teacher and pupils interactions were presented focusing on the 
inquiry actions that pupils were expected to do. At first, the teacher asked 
pupils the question, “Can you think of a way to make the paper spiral tied on a 
thread twirl?” The pupils gave some suggestions like blowing or touching it 
or moving the hand that holds the paper spiral. Then the teacher told them 
that they would do an activity where they could make the paper spiral rotate 
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without blowing or touching it. Subsequently, the teacher distributed the 
hands-on activity planning form (see Appendix D) where pupils could write 
their question, hypothesis, procedure, observation, and conclusion. After it, 
the teacher asked them again the question they needed to answer about paper 
spiral activity. Figure 5.1 shows a sample of the question that the group would 
try to answer. In this case, the Little Einstein group wanted to investigate how 
they can make the paper spiral twirl without touching it. 
 
               
 
      
 
 
 
 
     
 
After all groups had written the question, the teacher instructed them to 
discuss the steps they needed to follow so they can answer their question using 
the given materials: paper spiral, thread, candle. At this stage, the teacher 
guided the pupils in their planning by asking several questions like, “What 
will you do with the candle or the paper spiral?” or “Where will you place the 
paper spiral － above the candle or beside the candle? Figure 5.2 represents 
the plan of the Little Einstein group.  
In Figure 5.2, the Little Einstein group had identified four steps that 
included cutting the paper into spiral, then attaching the thread into one of its 
Figure 5.1  A sample of the question that pupils want to investigate 
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tip followed by putting the clay at the bottom of the candle to make it sit, and 
finally, putting the paper spiral on top of the lit candle. 
 
 
 
 
 
 
 
 
 
 
 
Other groups made different steps from the given sample, for instance, 
holding the paper spiral by the thread above or beside the unlit candle and 
simply holding the paper spiral by the thread.  The teacher then suggested to 
each group to try their procedures and observe the movement of the paper 
spiral. 
In Figures 5.3 and 5.4, two groups of pupils performed the paper spiral 
activity. Figure 5.3 shows a group of pupils observing the movement of the 
paper spiral when placed above the lit candle while in Figure 5.4, the members 
of the group observed the movement of the paper spiral by simply holding the 
thread.  
 
 
 
Figure 5.2  Sample of procedures 
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After they performed the hands-on activity, they were asked to discuss 
Figure 5.3 Pupils observe the movement of the paper spiral 
when placed above the lit candle 
Figure 5.4  Pupils observe the movement of the paper spiral 
by simply holding it by the thread 
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and write their observations and conclusions in their hands-on planning form. 
Figure 5.5 shows two samples of the written observations and conclusions 
made by the pupils. 
 
 
 
 
 
 
 
 
    
 
 
 
 
 
   In Figure 5.5 A, the group observed that the paper spiral twirled without 
touching it due to hot air while in Figure 5.5 B another group had written two 
observations. Their first observation was that when they took away the paper 
spiral above the lit candle, it didn’t move while their second observation was 
that the paper spiral rotated faster when they put it above the lit candle. The 
two groups made similar conclusion that warm air rises. But in Figure 5.5 A, 
the group specifically pointed out that the twirling of the paper spiral was 
caused by the rising of the warm air.   
The teacher facilitated further discussions regarding the results of their 
activity for better understanding by giving some questions like “What causes 
the paper spiral to twirl when it is placed above the lit candle?” or Why is it 
 
Figure 5.5  Sample observations and conclusions of the two groups 
 
A B 
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that the paper spiral didn’t twirl when placed at the side of the lit candle and 
when placed above or on both sides of the unlit candle?”. The teacher also 
related the lesson to real-life situation by talking about the lightweight litter 
spiraling up into the air. 
The second hands-on activity, convection jar, was implemented similar to 
the paper spiral activity. The teacher asked series of questions to guide pupils 
in posing the question, making the hypothesis, and planning the steps.  
     During the planning stage, it was observed that some groups were 
confused on the uses of the materials such as cardboard and incense. Overall, 
the pupils couldn’t make the expected steps to observe the convection current. 
Therefore, the teacher explicitly guided the pupils on what they would do with 
the materials. Through discussions, the pupils came up with four different 
diagrams drawn on the blackboard as shown in Figure 5.6.  
 
 
 
 
 
 
 
  
 
 
 
In Figure 5.6, the first diagram required pupils to put smoke from the 
Figure 5.6 Different diagrams for convection jar activity 
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incense on the jar without lighting the candle. In the second diagram, pupils 
had to put smoke inside the jar with the lit candle. The third diagram asked 
pupils to put the cardboard at the middle of the jar, sit the unlit candle on one 
side and place the smoke from the incense on the other side. The fourth 
diagram is similar to the third one except that the candle would be lighted.  
     After the procedure was made clear to the pupils, they were given the 
materials and performed the four diagrams. Figure 5.7 shows a group of pupils 
performing the fourth diagram and observing the movement of smoke when 
placed to one side without the lit candle.   
 
 
 
 
 
 
 
 
 
 
In Figure 5.7, the pupils observed that when smoke is placed in the 
opening without the lit candle, the smoke didn’t rise up but instead it moved 
down and exit the convection jar via the opening with the lit candle. 
Each group discussed their observations and conclusion and wrote them in 
their planning form. Then, they reported their ideas to the whole class. Pupils’ 
responses were varied so the teacher used the four diagrams (see Figure 5.6) 
Figure 5.7 Pupils observe the movement of smoke inside the jar  
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to discuss about the movement of smoke inside the jar and related the concept 
to real phenomena such as wind and breeze. 
The implementation of each activity took place on a 120-minute period. 
In ordinary science class, instruction usually takes place on a 60-minute 
period daily. The ‘one hour difference’ can be attributed to the nature of the 
developed teaching materials where the pupils, having always been taught the 
traditional way, need more time to generate their own question, plan the 
procedure, carry out investigation, analyze the information based on their 
observation, draw conclusion, and report findings. 
 
3. Instruments for Data Collection 
Three instruments were given to the participants of this study. The first 
instrument is the pretest-posttest (see Appendix E) which is used to measure 
pupils’ knowledge about the convection concept. It contained two sections. The 
first section is a multiple-choice test which consisted of five questions. The 
other section is free word association test where pupils have to write words 
related to the given or test words (e.g. warm and cold air).  
The second instrument is the science attitudes questionnaire (see 
Appendix F) which composed of ten items about different actions that take 
place during science learning. This instrument aims to gain understanding of 
pupils’ personal preferences or interests before and after the use of the 
developed hands-on teaching materials.  
The third instrument is a questionnaire about pupils’ evaluation to their 
science class which used the developed hands-on teaching materials (see 
Appendix G) and it consisted of 4 sections. The first and fourth sections asked 
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pupils to give general assessment of their science class using the developed 
hands-on teaching materials. The second and third sections comprised of 
inquiry actions that pupils are asked to do during their hands-on 
investigations. As discussed in Chapter 2, these inquiry actions as enumerated 
by the National Research Council (2000) include:  
 
1) posing questions; 
2) planning investigations; 
3) making predictions; 
4) making observations; 
5) using tools to gather, analyze, and interpret data; 
6) proposing answers, explanations, and predictions; 
      7) examining books and other sources of information to see what is 
already known;  
      8) reviewing what is already known in light of experimental evidence; 
and 
      9) communicating the results 
 
Some of these actions were included in the questionnaire and the words 
were reworded in order to make them easily understood by the pupils. For 
example, planning the investigation (2) was changed to planning the method 
or procedure to answer the question. Pupils were then asked to rate the degree 
of their interest and difficulty for each inquiry action.  
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C. Results 
 
1. Pupils’ Knowledge on Air Convection  
The quantitative results shown in Figure 5.8 reveal the percentage of  
pupils who gave correct answers to the multiple choice test in the pre- and 
post-tests.  
The data indicates that there is an increase in the percentage of pupils who 
got the correct answers in the post-test results in almost all of the questions, 
except item 5, after participating in the intervention instruction. The wide 
percentage difference was observed in question 3. This is actually because the 
two hands-on activities performed by pupils as well as the use of illustration to 
describe convection current facilitated better understanding about the 
differing behavior of warm and cold air. 
 
 
 
 
 
 
 
 
   
 
 
 
However, it is observed that the percentage of pupils who selected the 
Pre-test        Post-test 
       
 
1. Why does warm air rise and cold air sink? 
 
2. Which picture shows the arrangement 
of molecules for cold and warm air? 
3. Which of the diagram shows convection current?  
5. Which is an example of heat transfer 
by air convection?  
4. Why does convection occur? 
Figure 5.8 Results of the pre-post-tests 
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right answer in question 5 in the post-test is lower compared to the pre-test. In 
this item, the pupils were asked to identify an example of phenomenon that 
can be explained by air convection. The choices were (a) warming of spoon in a 
cup of hot soup; (b) warming of the window sill by sunlight; and (c) blowing of 
the wind from the land onto the sea at night (land breeze). Many pupils were 
unable to select letter c which is the correct answer. This might be that pupils 
found difficulty in relating their knowledge of convection to real situation even 
after the instruction. 
    In addition to the multiple choice test, the pre-post tests included a 
qualitative component that could support the prior findings. This consisted of 
word association test where pupils had to write any words that came to their 
mind about warm and cold air.  
The pre-test results revealed that pupils made 106 associations for warm 
air and 90 for cold air. After the instructional intervention, the post-test 
results revealed that there is an increase on the number of words given, from 
106 to 137 for warm air and from 90 to 106 for cold air. Those associations that 
directly relate to the answers in the multiple choice test were presented and 
discussed. Table 5.1 shows the associations on the test word: warm and cold 
air. The numbers are percents of total associations given in pre-test and 
post-test. 
As can be seen from the table, prior to the instructional intervention, 
some pupils had knowledge about the movement air as they used the word rise 
to associate it with warm air and sink to cold air. This prior knowledge helped 
them in identifying the right diagram demonstrating the convection current. 
After the intervention instruction, these associations have been shared by 
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more pupils based on the post-test results. 
 
      
 
Additionally, some pupils had given other related words they learned 
about warm and cold air after the instruction such as goes up and goes down 
which were not mentioned in the pretest but occupied 8.4% and 12.6% 
respectively in the posttest. These findings provide additional explanation for 
the high percentage of pupils who answered question 3 correctly in the 
multiple choice test. 
Other results reveal that few pupils had knowledge about the density of 
air prior to the intervention as they related light to warm air and nobody 
 
 
     
Associations 
 
Pre-test 
(%) 
Post-test 
(%) 
Associations 
 
Pre-test 
(%) 
Post-test 
(%) 
hot 45.5 58.1 sink 9.8 35.7 
rise 10.5 39.2 cold 35 32.2 
light 0.7 20.3 goes down 0 12.6 
warm 14.7 11.9 heavier 0 9.1 
heat 8.4 10.5 wind 10.5 8.4 
high 
temperature 
6.3 10.5 breeze 2.8 6.3 
molecules 0.7 9.1 molecules 0.7 4.9 
goes up 0 8.4 sea breeze 1.4 3.5 
sea breeze 0.1 3.5 land breeze 2.1 0 
land breeze 0.1 2.1    
wind 5.6 0.7    
Total 
Associations 
 
106 
 
137 
Total 
Associations 
 
90 
 
106 
Table 5.1  Word associations for warm and cold air 
Cold air 
 
Warm air 
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associated heavier to cold air. But the post-test results revealed that more 
pupils made similar association. This finding further supports the increase in 
percentage of pupils who selected the correct answer in question 1 of the 
multiple choice test during the post-test. 
The data also reveal that pupils associated warm and cold air to breeze, 
land and sea breeze and wind during pre- and post-tests. These terms are 
caused by the movement of warm and cold air. Recall that in question 5 of the 
multiple choice test, the result shows the low percentage of pupils who chose 
the right example of convection current. One explanation for this finding is 
that very few pupils associated warm and cold air to land breeze which was 
the right answer in question 5.   
     Results also show that pupils had provided a word that is a repetitive 
association of the test words (warm and cold air) as they have written warm 
and cold. But the percentage decreases in the post-test which may signify that 
some pupils had given new words they learned after the instruction such as 
goes up, heavier, goes down  which were not mentioned in the pre-test but 
occupied 8.4%, 9.1% and 12.6% respectively in the total associations during 
post-test.   
 
2. Pupils’ Attitudes toward their Science Learning 
     Figure 5.9 shows the mean scores of pupils in the pre-post intervention 
instruction survey about their attitudes toward their science learning on a 1-to 
5-point Likert scale (1 = I dislike very much; 2 = I dislike; 3 = Neither; 4 = I 
like; and 5 = I like very much).  
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8. Following the procedure made by the teacher 
10.Talking about the plan or procedure with my 
classmates  
 1 2 3 4 5
Mean
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
It is observed that in all the items, there is an increase in the mean 
scores of pupils during the post intervention instruction. When t-test was 
computed, it is found that this observed mean difference is statistically 
significant on six items. These are items 1 (t(3.92)=137, p<0.01); 2 (t(3.44)=137, 
p<.01); 3(t(6.74)=135, p<.01); 4 (t(2.28)=137, p<.05; 7 (t(4.84)=137, p<.01; and 
10 (t(4.14)=137, p<.01). Among these items, it is noticeable that there is a wide 
mean difference on items 3, 7 and 10. This suggests that the developed 
teaching materials generated positive attitudes as evidenced on the increase 
preference of pupils for using materials or objects, thinking of the question 
they want to investigate, and talking about the plan or procedure with their 
Figure 5.9  Mean results of pupils’ attitudes toward their science learning 
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1. Listening to the lecture of the teacher 
2. Doing activity with my classmates 
3. Using materials or objects 
4. Making observations or doing experiments 
5. Reading my science book 
6. Watching teacher demonstration 
7. Thinking of a question I want to investigate 
9. Doing an activity where I don’t need to think of 
a question because the teacher already made it 
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classmates.  
Pupils also have expressed more preference on doing activity with their 
classmates and making observations or experiments (items 2 and 4) as 
revealed in the post-test results. On the other hand, they also favored more to 
listening to the lecture of their teacher. This increased preference to lecture 
indicates that pupils were interested to listen to the explanations of their 
teachers about some concepts that they find confusing or difficult to 
understand during their hands-on investigation. 
 
3. Pupils’ Evaluation to the Developed Hands-on Teaching Materials  
    Figure 5.10 shows the results of the ratings of pupils about their 
assessment of their science class which used the developed hands-on teaching 
materials.  
It shows that most of the sixth-grade elementary pupils found their 
science class as a whole interesting. It was evident to this author from 
observations made during instruction that pupils were cheerful, took interest 
in the materials being presented and actively engaged in doing the hands-on 
activities.  
 
 
 
 
 
 
Figure 5.10 Results of pupils’ evaluation to the developed hands-on 
teaching materials 
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The graphical presentation in Figure 5.11 provides specific information 
into the inquiry actions that pupils find interesting.  
 
 
 
 
 
 
 
 
 
 
 
 
Generally, some of these actions were performed by pupils for the first 
time in their science investigation such as formulating the question and 
planning the procedure. The data indicates that pupils were interested in 
doing all the listed inquiry actions. Among these actions, nearly all pupils had 
expressed interest on the seventh item which is sharing ideas with their 
classmates. This is because pupils may feel a greater level of comfort talking 
with their classmates in groups about their ideas. This group interaction 
makes learning a team effort, thereby not placing a single pupil in a situation 
where he/she feels discomfort of not giving the right answer or not being able 
to explain well. 
Many pupils in this study also rated planning the procedure as interesting. 
2. Making a hypothesis 
1. Formulating a question 
3. Planning the procedure 
4. Carrying out the plan 
5. Recording the observations 
6. Giving a conclusion 
7. Sharing ideas with classmates 
Figure 5.11  Results of pupils’ evaluation to the inquiry actions 
 - 108 - 
33%
37%
30%
Easy
Neither
Difficult
This is because pupils took pleasure in thinking and talking their ideas about 
what they would do with the materials presented in order to solve the 
problem. 
When pupils were asked to rate the degree of difficulty of their science 
investigation as a whole, they expressed a divided position as reflected in 
Figure 5.12. 
 
 
 
 
 
 
 
 
 
 
 
Recall that it was the first time for pupils to ask question, make 
hypothesis, and plan the procedure before they could do the hands-on 
exploration. With this limited experience, it is presumed that more pupils 
would find their science class as difficult, however, the data revealed that 
more pupils neither considered it as difficult nor easy. The primary reason for 
this is that through out the duration of the class the science teachers provided 
the necessary guidance through probing that enabled pupils do the different 
tasks. Without this teacher support, many pupils might rate their science 
class as difficult. In addition, the lesson took place during the early part of the 
Figure 5.12  Results of pupils’ evaluation to the developed hands-on 
teaching materials 
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school year. Therefore, pupils couldn’t make more comparisons about their 
science learning which made more pupils undecided as to either their science 
investigation was difficult or easy. 
In the subsequent figure (Figure 5.13), the ratings of pupils showing 
whether each inquiry action is easy or difficult are presented.  
 
 
  
 
 
 
 
 
 
 
 
 
In Figure 5.13, the results show that generally more pupils rated most of 
the inquiry actions easy to carry out. Among these inquiry actions, higher 
percentage was observed on two items relating to sharing ideas with their 
classmates (item 7) and recording observations (item 5). One factor that might 
be attributed for this finding is the use of materials in their science class. This 
direct experience made it easier for pupils to talk and record about what they 
observed and what they thought about their observations. 
In other items, more pupils found difficulty in doing inquiry actions 
2. Making a hypothesis 
1. Formulating a question 
3. Planning the procedure 
4. Carrying out the plan 
5. Recording the observations 
6. Giving a conclusion 
7. Sharing ideas with classmates 
 Figure 5.13  Results of pupils’ evaluation to the inquiry actions  
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relating to planning the procedure and carrying out the plan (items 3 and 4 
respectively). This might be due to their limited experience in doing these 
tasks.    
 
D. Discussion and Implication 
The results of this present study indicate that the developed hands-on 
teaching materials effectively improved pupils’ conceptual understanding 
about convection. It also generated positive attitudes toward science learning. 
Specifically, pupils expressed preference on doing activity with their 
classmates, using materials or objects, making observations or doing 
experiments, thinking of the question they want to investigate, and talking 
about the plan or procedure with their classmates. 
Prior to the instructional intervention, the author interviewed the 
participating teachers about their views in relation to the developed hands-on 
teaching materials. Both teachers commented that their pupils might find 
difficulty in doing the inquiry actions, specifically in posing the question, and 
planning the procedure. They attributed this difficulty to two factors namely,   
limited experience in doing these actions and English ability of their pupils.  
Considering the results of this study, the pupils were able to do these 
actions and they also showed preference or interest in doing them. This 
finding implies that the developed teaching materials are feasible and 
effective method for teaching sixth-grade pupils about convection. 
The hands-on explorations and the different actions performed by pupils 
during their science investigations offer a prescriptive method for not only 
improving their science knowledge or understanding but also raising their 
 - 111 - 
linguistic abilities. This is because the hands-on activities allow pupils to have 
direct experience with the materials and phenomena and the various actions 
provide more opportunities for pupils to communicate ideas with their 
classmates. These aspects facilitate better understanding of the science 
concept and help develop their English proficiency.  
This research also found that the use of simple and inexpensive 
materials in the two hands-on activities sparked pupils’ interest as they 
witnessed the movements of the paper spiral and smoke inside the jar due to 
air convection. The teacher-participants also commented that the use of 
simple materials were effective in helping children see and understand 
intangible phenomenon.  
In this study, the effect of pupils’ English ability to do the different 
inquiry actions was not explored. Thus, it is suggested for future studies to 
include the degree to which linguistic limitations have affected the manner 
pupils carry out the different actions in their science investigations. 
 
Chapter VI  Summary, Conclusions, and Recommendations 
 
 
A. Summary 
The primary concern of science education at elementary level in the 
Philippines is the improvement of science achievement. Hence, this 
dissertation is set out to help find ways that would advance pupils’ 
performance in science. In this light, the author focused her study on teaching 
methodology for it is one of the variables that affect learning outcomes. More 
specifically, this study was centered on hands-on science instruction and 
sought to attain three aims. These were (1) to provide a large-scale portrayal 
of teachers’ beliefs and practices regarding hands-on science in Japan and the 
Philippines; (2) to develop hands-on teaching materials; and (3) to examine the 
efficacy of the developed hands-on teaching materials to pupils’ science 
knowledge and attitudes toward their science learning. 
These objectives were achieved through conducting some research 
activities. First, the author developed a survey questionnaire that was used to 
find out the beliefs and practices of Japanese and Filipino elementary teachers 
regarding hands-on science. It was distributed to some elementary schools in 
Chiba, Japan and Metro Manila (Marikina City), Cebu and Davao, 
Philippines.  
Second, the author also developed hands-on teaching materials that will 
serve as a teaching model for teachers to help them see and understand how 
hands-on, inquiry based science instruction can be practiced in their 
classrooms. It also presented one effective solution to overcome some practical 
constraints to hands-on science teaching through adopting a low or no budget 
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science approach. The air convection concept was used to illustrate these 
developed teaching materials and they comprised of two activities, namely 
paper spiral and convection jar. The lesson plans for these teaching materials 
followed a sequence of activity structures which include (1) eliciting pupils’ 
prior ideas or opinions, (2) planning the investigations, (3) carrying out the 
plan, (4) exchanging information from investigations, (5) analyzing or 
organizing the information, (6) reflecting or revisiting hypothesis or prediction, 
(7) connecting the lesson to real-life situation, and (8) evaluating the lesson.  
     Third, the efficacy of the hands-on teaching materials was explored by 
using them in actual teaching. The respondents of this pilot study were 149 
sixth-grade pupils enrolled for school year 2009-2010 in a public elementary 
school in Kidapawan City, Philippines. Three types of data were collected to 
explore the impact of these teaching materials: (1) pupils’ achievement; (2) 
pupils’ attitudes toward their science learning; and (3) pupils’ evaluation of 
their science class using the developed teaching materials.  
     Based upon the results of these research works, the following findings 
are enumerated as follows:  
 
     1.  In terms of the beliefs about teacher roles in hands-on science, both 
Japanese and Filipino elementary teachers shared similar beliefs as they 
agreed on two roles as most important which include allowing their pupils to 
discover the answers to the investigated problems by themselves and 
encouraging them to discuss with each other on how to go about solving the 
problems. On the other hand, there were significant differences between the 
professed beliefs of Japanese and Filipino elementary teachers on four items 
reflecting their roles during hands-on investigations which include: (a) setting 
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the challenge and the parameters of the activity; (b) giving some directions or 
some clues in solving the problem; (c) providing choices for the answer to the 
problem; and (d) involving pupils in the selection of problems to be explored. 
     With reference to their actual practices, both Japanese and Filipino 
elementary teachers have similar classroom practices as they often provide 
their pupils with materials or equipment list and procedure. On the contrary, 
there were significant differences on the actual classroom practices of the 
Japanese and Filipino elementary teachers about their roles on seven items 
namely (a) setting the challenge and the parameters of the activity; (b) giving 
the problem and letting the pupils plan for ways to solve it; (c) giving some 
directions or some clues in solving the problem; (d) allowing the pupils to 
discover the answers to the investigated problem by themselves; (e) providing 
choices for the answer to the problem; (f) involving pupils in the selection of 
problems to be explored; and (g) encouraging pupils to discuss with each other 
on how to go about solving the problems. 
 
2.  In terms of the beliefs about pupil roles in hands-on science, 
Japanese and Filipino elementary teachers shared similar beliefs pertaining 
to pupils working collaboratively and sharing their findings and ideas with 
their peers as they considered them as most important pupil responsibilities 
during hands-on investigations. In contrast, there were significant differences 
on the beliefs of Japanese and Filipino elementary teachers about pupil roles 
during hands-on investigations on six items which include: (a) doing the 
procedure step by step and answer the given questions; (b) designing the 
procedure to solve the problem; (c) getting the solution(s) of the problem with 
some help from the teacher; (d) solving the problem with some instructions or 
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clues for data collection from the teacher; (e) selecting the answers to the 
questions from the given choices; and (f) acting like little scientists as they 
make observations, set up experiments, collect/interpret data, and build 
conclusions. 
The actual practices of teachers in Japan and the Philippines indicated 
that there were significant differences observed in all the given statements 
about pupil roles. 
 
3.  In terms of the beliefs about the barriers to hands-on science 
teaching, Japanese and Filipino teachers unanimously believed that length of 
class period and classroom management are moderate barriers that could 
prevent them from using hands-on instruction. On the contrary,  there were 
significant differences on the beliefs of Japanese and Filipino elementary 
teachers about the barriers that would prevent them from using hands-on 
science instruction on eight items which include (a) inadequate laboratory 
apparatus, (b) lack of science materials, (c) number of pupils in class, (d) 
planning time, (e) pressure of covering the entire textbook content, (f) 
difficulty in organizing the entire activity, (g) difficulty in assessing pupils’ 
performance, and (h) limited background and experience on the use of science 
materials.  
     With reference to their actual classroom experiences using hands-on 
science instruction, Japanese and Filipino elementary teachers expressed 
comparable degree of difficulty as they experienced big problems relating to 
inadequate laboratory apparatus and length of class period during their actual 
conduct of hands-on investigations. On the other hand, there were significant 
differences on the actual classroom practices of the Japanese and Filipino 
 - 116 - 
elementary teachers about the barriers to hands-on science teaching on seven 
items namely: (a) lack of science materials, (b) number of pupils in class, (c) 
planning time, (d) pressure of covering the entire textbook content, (e) 
difficulty in organizing the entire activity, (f) difficulty in assessing pupils’ 
performance, and (g) limited background and experience on the use of science 
materials.  
 
    4.  In terms of the correlation between the beliefs and practices of the 
Japanese and Filipino teachers, it was found that their beliefs were correlated 
with their actual classroom practices or experiences.  
 
    5.  The developed hands-on teaching materials effectively improved 
pupils’ conceptual understanding as shown in the increased post-test scores of 
pupils. 
 
6. The developed hands-on teaching materials generated positive 
attitudes toward science learning. Specifically, there is increased preferences 
or interest of pupils on (a) doing activity with their classmates; (b) using 
materials or objects; (c) making observations or doing experiments; (d) 
thinking of a question I want to investigate; and (e) talking about the plan or 
procedure with their classmates, after participating in the instructional 
intervention. 
 
7.  Sixth-grade pupils rated their science class which used the developed 
hands-on materials as interesting. In particular, pupils found interest in 
formulating the question, making hypothesis, planning the procedure, 
carrying out the plan, recording the observations, giving a conclusion, and 
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sharing ideas with classmates. 
     With reference to the level of difficulty of their science class which used 
the developed hands-on teaching materials, sixth-grade pupils expressed a 
divided stand which implied that it was neither easy nor difficult for them. 
Further analysis of the data revealed that it was easy for pupils to formulate a 
question, make a hypothesis, record the observations, give a conclusion, and 
share ideas with classmates. However, it was difficult for them to plan and 
carry out the procedure. 
 
B. Conclusions 
     Based on the findings arrived at by the author, the following conclusions 
are given.  
     1. Japanese and Filipino elementary teachers have common and differing 
beliefs and actual classroom practices about teacher-pupil roles during 
hands-on investigation. Their contradictory beliefs and actual classroom 
practices are statistically significant. 
 
     2. Japanese and Filipino elementary teachers have similar and 
contrasting views about the barriers that would prevent them from providing 
hands-on science teaching. They also experience differing level of difficulty 
relating to these barriers. In particular, Japanese teachers experience major 
barriers relating to planning time, and limited background and experience in 
the use of science materials. On the other hand, Filipino teachers consider 
inadequate laboratory apparatus, lack of science materials, number of pupils 
in class, and pressure of covering the entire textbook contents as main 
barriers to hands-on science instruction. The observed differences between the 
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beliefs and actual practices of teachers are found to be statistically significant.  
 
     3.  The beliefs of Japanese and Filipino elementary teachers regarding  
teacher-pupil interactions or roles during the conduct of hands-on science  
activities as well as the barriers to hands-on science teaching are associated  
with their actual teaching practices or experiences. 
 
4. The developed teaching materials are feasible for teaching sixth  
grade pupils for it effectively improved pupils’ conceptual understanding,  
generated positive attitudes toward science learning, interesting, and neither 
easy nor difficult. 
 
C. Recommendations for Science Teaching in the Philippines 
     When taking into account all of the issues about hands-on science 
instruction considered in this dissertation, the findings support the promotion 
of hands-on science instruction with the inclusion of inquiry into its activity 
structure. The increased achievement scores of sixth grade elementary pupils 
as well as their positive attitudes toward conducting hands-on, inquiry based 
activities should make this promotion more attractive in the teaching of 
elementary science. For these reasons, two major proposals are presented in 
an effort to improve elementary science teaching in the Philippines. 
     First, the use of hands-on, inquiry science instruction should take an 
integral part in the elementary science curriculum in the Philippines as 
experienced in Japan. The primary reason is that the science curriculum 
emphasizes the development of understanding, science process skills and 
positive values or attitudes, yet the specific method to achieve this goal is not 
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indicated. Until recently, elementary science teaching has been described as 
being traditional and teacher-centered. Thus, it is suggested that hands-on 
investigations should be clearly emphasized in the curriculum as a method on 
how science should be taught to children.  
     The promotion of hands-on, inquiry based instruction in the teaching of 
elementary science will require a great deal of attention to the practical 
constraints of its use in actual classrooms. Class size of 40 or more, with 
inadequate supplies or equipment, pressure of covering the entire textbook 
content, insufficient time for planning and preparation, and so on, all together 
may delay its implementation. Other issues such as the need for adequate 
teacher training whose lack contributes to the stumbling block of its adoption 
as well as the greater time that can be consumed for teaching per content 
must be taken into considerations.  
These pronounced needs can be addressed by (1) the provision of regular 
teacher training programs that emphasize hands-on, inquiry based science 
instruction and improvisation ― making use of inexpensive and locally- 
available materials or equipment in the teaching of science; and (2) the 
reduction of content coverage in the science curriculum.  
Second, more empirical studies using the developed hands-on teaching 
materials are needed to acquire additional evidences regarding its efficacy. 
These studies may include comparing it to traditional method of teaching like 
lecture and using it in teaching other grade levels. They may also include 
using the activity structures embedded in the developed lesson plans in 
planning science lessons for other grade levels to investigate its feasibility, 
particularly in third grade where the teaching of science begins.  
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Appendix A  
English Questionnaire  
 
 
Dear Elementary Teachers: 
 
This questionnaire aims to explore some of your beliefs on science teaching in 
relation to your role and the role of your pupils when doing activities as well as 
on the problems you face up with in your science teaching. 
Please answer all the questions as objectively as possible. Rest assured that 
all your responses will be treated with strict confidentiality. They will only be 
used for research purposes. Thank you for your time. 
 
Respectfully yours, 
 
Sheila Oyao 
 
Please encircle the appropriate responses. 
 
1. I am a  _____ teacher. 
 
            a.  Grade III                c.  Grade V  
b.  Grade IV                d.  Grade VI 
 
  
2. Sex:       a.  Male                    b.  Female 
  
3.  Highest Educational Attainment: 
              a.  Bachelor 
  b.  Masteral 
  c.  Doctorate 
            
              Field (Major): ___________________________________ 
              Minor (if applicable) _____________________________ 
 
Please continue to the next page. 
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4. Please indicate your years of teaching in elementary science. ___________ 
 
5. During your years of teaching, have you ever attended 
seminars/trainings/workshops on science teaching strategies?  
 
( YES           NO ) 
 
If yes, please indicate the number of times you participated for one year. ____ 
 
 
Part I. Roles of Teacher and Pupils 
 
Directions: This section contains statements that describe the roles of teacher 
and pupils in performing science activities. In A (Level of Agreement), you 
are asked to rate the degree to which you agree with each statement using this 
rating scale: 
5 – Strongly Agree    
4 – Agree     
3 – Undecided     
2 – Disagree    
1 – Strongly Disagree 
 
In B (Frequency of Actual Experience), you are asked to think about how 
often you have actualized the statements in your science teaching using this 
rating scale: 
  
5 – Always     4 – Often    3 – Sometimes    2 – Rarely     1 – Never 
 
 
Please circle the descriptor that matches with your belief or experience. 
 
 
 
 
 
 
 
 
Example 
Statement: In doing science activity, the teacher should guide pupils in 
solving the problem. 
      
A: Level of Agreement   5    4    3    2    1 
B: Frequency of Actual Experience     5    4    3    2    1 
 
Please continue to the next page. 
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A. Teacher’s Roles 
 
In doing science activity, the teacher should……. 
  
1. provide pupils with materials/equipment list and procedure. 
 
A: Level of Agreement   5    4    3    2    1 
B: Frequency of Actual Experience 5    4    3    2    1 
 
2.  give some directions or some clues in solving the problem. 
    
A: Level of Agreement   5    4    3    2    1 
B: Frequency of Actual Experience 5    4    3    2    1 
 
3. allow pupils to plan and design an experiment to come up with possible 
solutions to problems. 
 
A: Level of Agreement   5    4    3    2    1 
B: Frequency of Actual Experience 5    4    3    2    1 
 
4. provide choices for the answer to the problem. 
 
A: Level of Agreement   5    4    3    2    1 
B: Frequency of Actual Experience 5    4    3    2    1 
 
5. set the challenge and the parameters of the activity. 
 
A: Level of Agreement   5    4    3    2    1 
B: Frequency of Actual Experience 5    4    3    2    1 
 
 
6. discover the answers to the investigated problem by themselves. 
 
A: Level of Agreement   5    4    3    2    1 
B: Frequency of Actual Experience 5    4    3    2    1 
 
7. involve pupils in the selection of problems to be explored. 
 
A: Level of Agreement   5    4    3    2    1 
B: Frequency of Actual Experience 5    4    3    2    1 
 
 
 Please continue to the next page. 
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8. encourage pupils to discuss with each other on how to go about solving the 
problems. 
 
A: Level of Agreement   5    4    3    2    1 
B: Frequency of Actual Experience 5    4    3    2    1 
 
 
 
B. Pupils’ Roles 
 
 
In doing science activity, the pupils should …….  
9.  do the procedure step by step and answer the given questions. 
 
A: Level of Agreement   5    4    3    2    1 
B: Frequency of Actual Experience 5    4    3    2    1 
 
10. get the solution(s) of the problem with some help from the teacher. 
 
A: Level of Agreement   5    4    3    2    1 
B: Frequency of Actual Experience 5    4    3    2    1 
 
11. act like little scientists as they make observations, set up experiments,  
  collect and interpret data, and build conclusions based on the data 
gathered. 
 
A: Level of Agreement   5    4    3    2    1 
B: Frequency of Actual Experience 5    4    3    2    1 
 
12. design the procedure to solve the problem. 
 
A: Level of Agreement   5    4    3    2    1 
B: Frequency of Actual Experience 5    4    3    2    1 
 
 
13.   solve the problem with some instructions or clues for data collection 
  from the teacher. 
 
A: Level of Agreement   5    4    3    2    1 
B: Frequency of Actual Experience 5    4    3    2    1 
 
 Please continue to the next page. 
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14. select the answers to the questions from the given choices. 
 
A: Level of Agreement   5    4    3    2    1 
B: Frequency of Actual Experience 5    4    3    2    1 
 
15.  work collaboratively with their peers. 
 
A: Level of Agreement   5    4    3    2    1 
B: Frequency of Actual Experience 5    4    3    2    1 
 
16.  share findings and ideas with their peers. 
 
A: Level of Agreement   5    4    3    2    1 
B: Frequency of Actual Experience 5    4    3    2    1 
 
 
Part II. Problems in Teaching Science 
 
Directions: Listed below are some factors that are considered as barriers in 
providing activities to pupils in teaching science. In A (Level of Agreement), 
indicate the degree to which you agree that each factor would hinder you from 
using activities in teaching science with this rating scale: 
5 – Strongly Agree    
4 – Agree     
3 – Undecided     
2 – Disagree    
1 – Strongly Disagree 
 
In B ( Actual Experience), rate each problem based on your actual experience 
in your science teaching with this rating scale: 
5 – A very big problem             
4 – A big problem 
3 – A moderate problem 
2 – A little problem 
1 – Not a problem at all 
 
 Please continue to the next page. 
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1. Inadequate laboratory apparatus   
  
A: Level of Agreement   5    4    3    2    1 
B: Actual Experience        5    4    3    2    1 
                   
2. Lack of science materials (e.g. lab manuals and activity books)   
      
A: Level of Agreement   5    4    3    2    1 
B: Actual Experience        5    4    3    2    1 
 
3. Number of pupils in class  
     
A: Level of Agreement   5    4    3    2    1 
B: Actual Experience        5    4    3    2    1 
 
4. Length of class period     
                           
A: Level of Agreement   5    4    3    2    1 
B: Actual Experience        5    4    3    2    1 
 
5.  Planning time (e.g. designing the lesson)  
 
A: Level of Agreement   5    4    3    2    1 
B: Actual Experience        5    4    3    2    1 
  
6. Classroom management 
 
A: Level of Agreement   5    4    3    2    1 
B: Actual Experience        5    4    3    2    1 
 
 
 
 
 
Example 
Problem: Lack of science materials 
      
A: Level of Agreement   5    4    3    2    1 
B: Actual Experience       5    4    3    2    1 
 
Please continue to the next page. 
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7. Pressure of covering the entire textbook content    
    
A: Level of Agreement   5    4    3    2    1 
B: Actual Experience        5    4    3    2    1 
 
8. Difficulty in organizing the entire activity  
             
A: Level of Agreement   5    4    3    2    1 
B: Actual Experience        5    4    3    2    1 
 
9. Difficulty in assessing pupils’ performance  
          
A: Level of Agreement   5    4    3    2    1 
B: Actual Experience        5    4    3    2    1 
 
10. Limited background and experience on the use of science materials 
 
A: Level of Agreement   5    4    3    2    1 
B: Actual Experience        5    4    3    2    1 
 
 
 
 
 
 
Thank you for your cooperation. 
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Appendix B 
Japanese Questionnaire  
 
 
皆様 
 
 私はオヤオ・シェラといいます。フィリピンで小学校の教師をしていました。現在は、千
葉大学の人文社会科学研究科の博士課程で理科教育について研究しています。フィリ
ピンの理科教育をよりよくするために、日本の理科教育について知りたいと思っています。
お忙しいこととは存じますが、アンケートにご協力ください。よろしくお願いします。 
 
 アンケートには、I と II があります。II は A と B からなります。できる限り正確に、すべ
ての質問に答えてください。お答えいただいた回答は研究の目的にのみ使用させてい
ただきます。秘密厳守で取り扱いますので、ご安心ください。 
 
 
 
＜アンケート＞ 
ここでは、先生ご自身について質問いたします。それぞれの質問に対して、当てはまる
もののをチェックしてください。また、＿＿＿＿＿には適当な数値や語句をご記入くださ
い。 
 
1. 私は （     ）を 担任 （または担当） しています。 
 
      3年生     ５年生    ４年生    ６年生    専科 ＿＿＿＿＿ 
 
 
2. 性別           男       女 
 
 
3. 最終学歴  
     
      短期大学    準学士    学士    修士    大学院 （博士課程） 
 
      その他 ＿＿＿＿＿＿＿＿＿＿＿＿ 
 
4. 専攻  ＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿ 
  副専攻（ある場合） ＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿ 
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５．あなたは小学校で何年間教えていますか。＿＿＿＿＿＿年 
 
６. あなたの教育歴の中で、理科の教育手法に関するワークショップやセミナー、研修
に参加された事はありますか。 
はい          いいえ  
 
「はい」とお答えの場合、一年間に平均して何回ほど参加されましたか。その頻度を書き
ください。 
 
  一年間 に ＿＿＿＿＿＿＿＿ 回 
 
 
【アンケート II】 
 
 理科の授業や学習活動に関する次の質問 （A・B）にお答えください。 
 
A. 教師と児童の役割について 
 
このセクションでは、理科の授業や学習活動を行うとき、教師や児童はどのように行
動す 
るべきであるかについて尋ねます。下に示す例のように、「理科の授業を行うとき、教師
は・・・・すべきである。」という形式の文章が提示されます。この提示文に対して、次の二
つの質問（a・b）をします。 
 
a では、提示文のような指導に対して、先生方がどの程度同意できるかを尋ねます。こ
の質問に対して、次の５つの中から最も適当なものを一つ選び、該当する番号を❍で囲
んでください。 
 
５：とてもそう思う ４：そう思う  ３：わからない ２：あまりそう思わない  １：全くそう思わ
ない 
 
ｂ では、実際の授業において、先生方が提示文のような指導をどの程度実施されてい
るかを質問します。この質問に対して、次の５つの中から最も適当なものを一つ選び、該
当する番号を❍で囲んでください。 
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５：いつも行っている ４：よく行っている  ３：ときどき行っている ２：たまに行っている     
１：ほとんど行っていない 
 
 
 
 
 
 
 
 
 
 
１ 教師の役割 
 
(１)理科の授業を行うとき、教師は実験材料や器具を準備し、児童に実験手順を教示す
べきである。 
 
 
    
 
 
（２）理科の授業を行うとき、教師は学習活動における課題や学習事項を明示すべきで
ある。 
  
 
 
  
(3)理科の授業を行うとき、教師は児童に問題を与え、その問題を解決する方法を計画
させるべきである。 
 
 
 
 
(4)理科の授業を行うとき、教師は問題を解決するために提示あるいはヒントを与えるべ
きである。 
 
 
 
 
(5)理科の授業を行うとき、教師は児童自身に問題の答えを見つけさせるべきである。 
 
 
 
（例） 
 
理科の授業を行うとき、教師は児童が問題を解決できるように指導すべきである。 
 
 a） あなたはこのような指導をどう思いますか？        ５  ④   ３  ２  １         
 ｂ） あなたはこのような指導をどの程度行っていますか？⑤  ４   ３  ２  １  
  
a) あなたはこのような指導をどう思いますか？            ５  ４  ３  ２  １ 
b) あなたはこのような指導をどの程度行っていますか？      ５  ４  ３  ２  １        
 
 
a) あなたはこのような指導をどう思いますか？            ５  ４  ３  ２  １ 
b) あなたはこのような指導をどの程度行っていますか？      ５  ４  ３  ２  １        
 
 
a) あなたはこのような指導をどう思いますか？            ５  ４  ３  ２  １ 
b) あなたはこのような指導をどの程度行っていますか？      ５  ４  ３  ２  １        
 
 
a) あなたはこのような指導をどう思いますか？            ５  ４  ３  ２  １ 
b) あなたはこのような指導をどの程度行っていますか？      ５  ４  ３  ２  １        
 
 
a) あなたはこのような指導をどう思いますか？            ５  ４  ３  ２  １ 
b) あなたはこのような指導をどの程度行っていますか？      ５  ４  ３  ２  １        
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(6)理科の授業を行うとき、教師は問題に対する適切な答えを選ぶ機会を与えるべきで
ある。 
 
 
 
 
(7)理科の授業で取り上げる課題を選ぶとき、教師はその課題選択に児童をかかわらせ
るべきである。 
 
 
 
 
(8)理科の授業を行うとき、教師は児童たちが問題を解決するために話し合う奨励すべき
である。 
 
 
 
 
 
2 児童の役割 
 
(1)理科の学習活動において、児童はひとつずつ手順に従って与えられた問題に答える
べきである。 
 
 
 
 
(2)理科の学習活動において、児童が問題を解決する手順を決めるべきである。 
 
 
 
 
(3)理科の学習活動において、児童は教師の助けを得て、問題を解決するべきである。 
 
 
 
 
(4)理科の学習活動において、児童は教師からの提示やヒントに基づいて質問を解決す
べきである。 
 
 
  
 
a) あなたはこのような指導をどう思いますか？            ５  ４  ３  ２  １ 
b) あなたはこのような指導をどの程度行っていますか？      ５  ４  ３  ２  １        
 
 
a) あなたはこのような指導をどう思いますか？            ５  ４  ３  ２  １ 
b) あなたはこのような指導をどの程度行っていますか？      ５  ４  ３  ２  １        
 
 
a) あなたはこのような指導をどう思いますか？            ５  ４  ３  ２  １ 
b) あなたはこのような指導をどの程度行っていますか？      ５  ４  ３  ２  １        
 
 
５  ４  ３  ２  １ 
５  ４  ３  ２  １ 
 
       
 
 
a) あなたはこのような学び方をどう思いますか？           
b) あなたはこのような学習指導をどの程度行っていますか？   
 
５  ４  ３  ２  １ 
５  ４  ３  ２  １ 
 
       
 
 
a) あなたはこのような学び方をどう思いますか？           
b) あなたはこのような学習指導をどの程度行っていますか？   
 
５  ４  ３  ２  １ 
５  ４  ３  ２  １ 
 
       
 
 
a) あなたはこのような学び方をどう思いますか？           
b) あなたはこのような学習指導をどの程度行っていますか？   
 
５  ４  ３  ２  １ 
５  ４  ３  ２  １ 
 
       
 
 
a) あなたはこのような学び方をどう思いますか？           
b) あなたはこのような学習指導をどの程度行っていますか？   
 
 - 137 - 
(5)理科の学習活動において、児童は与えられた項目の中から、問題の答えを選択すべ 
きである。 
 
 
 
 
 
(6)理科の学習活動において、児童は観察し、実験を計画し、データを収集・解決し、そ
して結論を導き出すとき、小さな科学者のように行動するべきである。 
 
 
 
 
 
(7)理科の学習活動において、児童はクラスメートと協力して学習すべきである。 
 
 
 
 
 
(8)理科の学習活動において、児童は結果やアイデアをクラスメートを共有すべきであ
る。 
 
 
 
 
 
B. 理科を教えるときの問題点 
 
理科の授業を行うとき、いろいろな原因が円滑な授業の展開を妨げていると思われま
す。下の例に示すように、理科の授業を妨げると考えられる項目を提示します。それぞ
れの項目に対して、二つの質問（a・b）をします。 
a) では、提示された項目が授業を妨げる原因であると、どの程度う思われているかを
質問します。この質問に対して、下の５つの中から最も適当なものを一つ選び、該当す
る番号を❍で囲んでください。 
 
５：とてもそう思う ４：そう思う  ３：わからない ２：あまりそう思わない  １：全くそう思わ
ない 
 
ｂ） では、それぞれの項目が、先生方のこれまでの教授経験に基づいて、どの程度
５  ４  ３  ２  １ 
５  ４  ３  ２  １ 
 
       
 
 
a) あなたはこのような学び方をどう思いますか？           
b) あなたはこのような学習指導をどの程度行っていますか？   
 
５  ４  ３  ２  １ 
５  ４  ３  ２  １ 
 
       
 
 
a) あなたはこのような学び方をどう思いますか？           
b) あなたはこのような学習指導をどの程度行っていますか？   
 
５  ４  ３  ２  １ 
５  ４  ３  ２  １ 
 
       
 
 
a) あなたはこのような学び方をどう思いますか？           
b) あなたはこのような学習指導をどの程度行っていますか？   
 
５  ４  ３  ２  １ 
５  ４  ３  ２  １ 
 
       
 
 
a) あなたはこのような学び方をどう思いますか？           
b) あなたはこのような学習指導をどの程度行っていますか？   
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a)これが理科の授業を行う上で障害になると、あなたは 
どの程度おもいますか？ 
ｂ）これは、あなたのとって、授業を展開する上でどの程度
大きな問題ですか？ 
 
５  ４  ３  ２  １ 
 
５  ４  ３  ２  １ 
 
大きな問題であると考えられるかを質問します。この質問に対して、下の５つの中から最
も適当なものを一つ選び、該当する番号を❍で囲んでください。 
 
５：非常に大きな問題である      ４：大きな問題である     ３：問題である 
２：あまり問題にならない        １：全く問題にならない 
 
 
 
 
 
 
 
 
 
 
 
 
 
(1) 実験装置、設備の不足 
 
    
 
 
 
 
(2) 理科の教材不足 （実験マニュアルや活動事例など） 
 
 
 
 
  
 
(3) クラス規模 （児童数の多い・少ない） 
 
 
 
 
 
 
 
 
 
a)これが理科の授業を行う上で障害になると、あなたは 
どの程度おもいますか？ 
ｂ）これは、あなたのとって、授業を展開する上でどの程度
大きな問題ですか？ 
 
 
 
 
 
５  ４  ３  ２  １ 
 
５  ４  ３  ２  １ 
 
a)これが理科の授業を行う上で障害になると、あなたは 
どの程度おもいますか？ 
ｂ）これは、あなたのとって、授業を展開する上でどの程度
大きな問題ですか？ 
 
 
 
 
 
 
 
 
５  ４  ３  ２  １ 
 
５  ４  ３  ２  １ 
 
（例） 
 
理科の教材不足 
 
a） この項目が理科の授業を行う上で障害になると、 
あなたはどの程度思いますか？              ５  ④  ３  ２  １         
ｂ） これ項目は、あなたにとって、授業を展開する上で 
   どの程度大きな問題ですか？               ⑤  ４   ３  ２  １  
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(4) 授業時間の不足 
 
 
 
 
 
(5) 教材研究の時間不足 
 
 
 
 
 
 
(6) 学級経営 
 
 
 
 
 
 
(7) 教科書の内容を全く教えなければいけないというプレッシャー 
 
 
 
 
 
 
(8) 授業の最後に学習活動をまとめること 
 
 
 
 
 
 
(9) 児童の成績を評価すること 
 
 
 
 
 
 
 
 
a)これが理科の授業を行う上で障害になると、あなたは 
どの程度おもいますか？ 
ｂ）これは、あなたのとって、授業を展開する上でどの程度
大きな問題ですか？ 
 
 
 
 
 
 
５  ４  ３  ２  １ 
 
５  ４  ３  ２  １ 
 
a)これが理科の授業を行う上で障害になると、あなたは 
どの程度おもいますか？ 
ｂ）これは、あなたのとって、授業を展開する上でどの程度
大きな問題ですか? 
 
 
 
５  ４  ３  ２  １ 
 
 
５  ４  ３  ２  １ 
 
a)これが理科の授業を行う上で障害になると、あなたは 
どの程度おもいますか？ 
ｂ）これは、あなたのとって、授業を展開する上でどの程度
大きな問題ですか？ 
 
 
５  ４  ３  ２  １ 
 
５  ４  ３  ２  １ 
 
a)これが理科の授業を行う上で障害になると、あなたは 
どの程度おもいますか？ 
ｂ）これは、あなたのとって、授業を展開する上でどの程度
大きな問題ですか？ 
 
 
 
 
５  ４  ３  ２  １ 
 
５  ４  ３  ２  １ 
 
a)これが理科の授業を行う上で障害になると、あなたは 
どの程度おもいますか？ 
ｂ）これは、あなたのとって、授業を展開する上でどの程度
大きな問題ですか？ 
 
 
 
 
 
５  ４  ３  ２  １ 
 
５  ４  ３  ２  １ 
 
a)これが理科の授業を行う上で障害になると、あなたは 
どの程度おもいますか？ 
ｂ）これは、あなたのとって、授業を展開する上でどの程度
大きな問題ですか？ 
 
 
 
 
 
５  ４  ３  ２  １ 
 
５  ４  ３  ２  １ 
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a)これが理科の授業を行う上で障害になると、あなたは 
どの程度おもいますか？ 
ｂ）これは、あなたのとって、授業を展開する上でどの程度
大きな問題ですか？ 
 
 
 
 
 
５  ４  ３  ２  １ 
 
５  ４  ３  ２  １ 
 
（１０）理科教材の活用法について、自分の知識や経験が不足していること 
 
 
 
 
    
 
 
 
 
協力ありがとうございました。 
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Appendix C 
Detailed Lesson Plans for the Hands-on Teaching Materials on Air Convection 
 
 
Activity 1: Paper Spiral 
 
Teacher’s Role Pupils’ Role 
A. Eliciting pupils’ prior ideas or 
opinions 
Write down everything you know 
about warm and cold air. You can 
also include your questions about 
air. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Discuss with your seatmate about 
your lists. 
 
 
The teacher will identify the items 
on the lists that are crucial to their 
understanding of warm and cold air. 
Then, elicit the reasons for their 
 
 
 
 
 
Pupils write down their prior ideas 
about warm/cold air and their 
questions about it. 
  
 
 
The pupils share their lists with 
their seatmate. 
 
 
 
 
 
Things we 
know about 
warm/cold air 
Questions we 
have about 
warm/cold air 
Warm air is 
lighter than 
cold air. 
 
Cold air sinks 
while warm air 
rises. 
Why does warm 
air rise and cold 
air sink? 
 
How can the 
rising and 
sinking of warm 
and cold air be 
visible? 
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responses. 
 
How did you know that warm air is 
lighter than cold air? Why did you 
say that cold air sinks while warm 
air rises?  
 
 
I have here a paper spiral tied on a 
thread. Can you think of a way to 
make this twirl? 
 
Is there another way that you can 
think of to make it twirl without 
touching or blowing it? 
 
 
 
B. Planning the Investigation 
At this time, let us do a hands-on 
activity using this paper spiral. I’d 
like you to focus your attention to 
the hands-on science planning form. 
Kindly fill in your group’s name and 
the date on the form. 
 
 
A while ago, I showed you the paper 
spiral and asked you to think of a 
way to make it twirl.  In your 
planning form, you are required to 
write the question you want to 
investigate. Could you tell me the 
question you want to investigate? 
 
If there are other questions raised, 
the teacher can entertain them as 
 
 
 
 
 
I read about it in a book. 
My fifth grade teacher explained it to 
us. 
 
 
We can make it twirl by blowing or 
touching it. 
 
 
When we move our hand that holds 
the paper spiral, we can make it 
twirl. 
 
 
 
 
 
 
 
Each group writes their group name 
and date. 
 
 
 
 
 
 
 
How can we make the paper spiral 
twirl? 
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long as they can be answered 
through investigation. 
 
We can use these materials: candle, 
thread, piece of scissors; match and 
paper to answer your question. 
Using these materials, how can you 
answer the question that you have 
written? Kindly write your 
hypothesis and the reasons for your 
ideas.  
 
 
In your group, kindly discuss the 
steps or procedure you need to do in 
order to answer the question. 
      
 
 
 
 
 
When all groups have written their 
plan, the teacher will ask each 
group to present their plan to the 
whole class. The teacher and pupils 
will critique the plan for 
improvement.  
 
Before you will carry out your plan, 
let us make rules that everyone has 
to follow in order to avoid any 
accident.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Each group writes their hypothesis, 
reasons and the materials shown by 
the teacher. 
 
 
 
Each group makes the plan. 
If the paper spiral gets burned, put 
off the light by putting it 
Possible method of investigation: 
Pupils will make a paper spiral using 
the given diagram and tie one end of 
it with a thread.  
Then, they will light the candle and 
hold the paper spiral by the thread 
above or on both sides of the lighted 
candle. Or, they can hold the paper 
spiral by the thread above or both 
sides of the candle without light. 
 
 
 
 
 
Don’t play with match.  
Be careful not to burn the paper 
spiral. 
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When everything is all set, the 
teacher will ask each group to get 
the necessary materials. 
 
 
C. Carrying out the plan 
The teacher will supervise each 
group as they do their investigation. 
 
      
 
 
 
D. Exchanging information from 
investigations 
The teacher will call each group to 
report their findings. 
 
 
 
 
 
 
E. Analyzing or organizing the 
information 
If pupils share variations of results, 
the teacher can facilitate 
discussions on the reasons for the 
differences. 
 
immediately on the can filled with 
water.  
 
 
Each group gets the necessary 
materials for investigation.  
 
 
 
Each group follows the steps they 
have listed on their planning form 
(number 4). They will discuss to each 
other their observations and will 
prepare for their presentations of 
their results. 
 
 
 
Group reporting. 
Possible answers: 
*The paper spiral twirled when it is 
placed above the lighted candle.  
*The paper spiral did not twirl when 
it is placed above or on both sides of 
the candle without light. 
 
 
 
 
 
 
 
 
 
 
The light from the candle causes it to 
twirl. 
Discussion of results 
What causes the paper spiral to 
twirl when it is placed above the 
lighted candle? 
 
 - 145 - 
 
 
Kindly draw the set-up for the paper  
spiral activity and illustrate the 
movement of air. 
  
 
 
 
 
 
 
Could you explain the drawing? 
 
 
 
 
 
 
What do you call this movement of 
warm air and cold air? 
 
Why is it that the paper spiral did 
not twirl when it is placed above or 
on the sides of the candle without 
lighting it? 
  
 
 
 
 
 
 
What do you think is the 
arrangement of particles for warm 
air? Kindly draw it. 
Why is this so? 
The movement of air causes it to 
twirl. 
 
 
A pupil draws a diagram on the 
board similar to what is shown below. 
 
 
 
 
    
 
The lighted candle made the air 
above it to get warm. When the air 
gets warmed, it becomes lighter and 
rises up. Then the cold air, which is 
denser, replaces the warm air. This 
movement causes the paper spiral to 
twirl. 
 
It is called convection current. 
 
 
 
 
The air temperature is same.  
 
 
 
 
 
 
 
 
 
 
Warm air molecules are spread 
warm air cold air 
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How about the arrangement of cold 
air particles? Why is this so? 
 
 
 
 
 
F. Reflecting or revisiting 
hypothesis or prediction 
 
The teacher will ask the pupils to 
reflect their current ideas with their 
hypothesis or predictions. If pupils 
still have questions, the teacher can 
encourage them to do the activity 
again. 
 
 
G. Connecting the lesson to real-life 
situation 
 
Have you ever seen lightweight 
litter spiraling up into the air? Why 
is this so? 
 
What should with do with the 
garbage can or containers? 
 
 
H. Evaluating the lesson 
     Answer the exit slip. 
In our science lesson, I learned 
that 
apart. They are less dense and light. 
 
……… 
 
 
 
 
Cold air molecules are close to each 
other. They are more dense and 
heavier. 
 
 
 
 
 
 
 
The pupils will check their prior 
ideas or hypothesis with their 
current findings. 
 
 
 
 
 
 
It is carried by the movement of 
warm and cold air. (wind) 
 
Cover it. 
 
 
 
 
The pupils write their ideas about 
the things they learned in their 
science lesson. 
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Activity 2: Convection Jar 
 
Teacher’s Role Pupils’ Role 
A.  Eliciting pupils’ prior ideas or 
opinions 
Kindly describe the movement of air 
when it is heated using a diagram. 
Explain your drawing. 
 
     
 
 
 
 
 
What do you call this movement of 
the warm air and cold air?    
 
Do you have any idea on how this 
convection current on air be 
visualized? 
 
B. Planning the Investigation 
In our science lesson today, we are 
going to do a hands-on activity that 
will enable us to see convection 
current. Let us start making our 
plan using the planning form.   
What will you write on number 1: 
question we want to investigate? 
 
 
I have here these materials: jar, 
candle, cardboard and match. You 
may write them in your planning 
form. Using these materials, how 
can we visualize convection current? 
 
 
 
 
 
cold air            warm air 
 
When air is heated it becomes warm 
and lighter causing it to rise. Then 
the cold air replaces the space left by 
the warm air. 
 
 
It is called convection current. 
 
 
 
No idea. 
 
 
 
 
 
 
 
 
How can we visualize convection 
current? 
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Write your hypothesis and the 
reasons for your ideas. 
 
 
Discuss in your group the process 
that you will do to enable you see 
convection current. 
 
 
 
 
 
 
 
 
 
 
 
 
When all groups have written their 
plan, the teacher will ask each 
group to present their plan to the 
whole class. The teacher and pupils 
will critique the plan for 
improvement.  
 
 
 
 
Before you will carry out your plan, 
let us make rules that everyone has 
to follow in order to avoid any 
accident.  
 
 
 
When everything is all set, the 
 
The pupils will write their 
hypothesis, its reasons and the 
materials. 
 
 
Each group plans the process that 
enables them to see convection 
current. 
Possible method of investigation: 
*The pupils may put the candle 
inside the jar. Then, put smoke 
inside it. 
*The pupils may put the candle 
inside the jar, light it and put smoke 
on it. 
*The pupils may put a cardboard 
inside the jar, put the candle 
(without lighting it) on one side and 
smoke on the other side. 
* The pupils may put a cardboard 
inside the jar, put the candle on one 
side, light it and put smoke on the 
other side (without the candle). 
* The pupils may put a cardboard 
inside the jar, put the candle on one 
side, light it and put smoke the side 
with the lighted candle.  
 
 
 
 
Don’t play with match.  
Be careful not to burn your finger. 
Help each another. 
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teacher will ask each group to get 
the necessary materials. 
 
C. Carrying out the plan 
The teacher will supervise each 
group as they do their investigation.  
 
 
 
D. Exchanging information from 
investigations 
The teacher will call each group to 
report their findings. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
E. Analyzing or organizing the 
information 
If pupils share variations of results, 
the teacher can facilitate 
discussions on the reasons for the 
differences. 
 
Each group gets the necessary 
materials for investigation.  
 
 
Each group follows the steps they 
have listed on their planning form 
(number 4).  
 
 
 
 
They will discuss to each other their 
observations and will prepare for 
their presentations of their results. 
Group Reporting. 
Possible answers: 
*The smoke went up when it was put 
on the jar. 
*The smoke went up when it is put 
on the jar with the candle not 
lighted. 
*When we put the smoke on the 
opening where the lighted candle 
was, it went up. 
*When we put the smoke on the 
opening without the candle, it went 
down and moved to the side where 
the lighted candle was and exited to 
that side. 
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      1                 2 
               
Discussion of results 
Let us discuss now on the different 
movements of smoke inside the jar. 
Let us use diagrams to illustrate our 
ideas. Using the diagrams, draw the 
movement of smoke as you put 
inside the jar. 
 
    
  
 
 
      3                 4       
                         
In diagram 1, kindly describe the 
temperature of air inside the jar and 
the movement of the smoke. 
 
 
 
 
 
How can you explain diagram 2? 
 
 
 
 
In diagram 3, how would you 
explain the temperature of air 
inside the jar and the movement of 
the smoke? 
 
 
 
 
 
 
 
 
 
       
 
 
       1              2             
 
 
 
 
        
3             4 
 
 
 
The temperature inside the jar is the 
same. The smoke goes up because it 
is warmer and lighter than the air 
inside the jar. 
 
 
In diagram 2, the air inside the jar is 
warm because of the lighted candle. 
The smoke also is warm, so it rises 
up. 
 
 
 
 
The cardboard separates the air. The 
air is warm on the side where the 
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How about in diagram 4, why did 
the smoke behave differently as 
compared to diagram 3.  
     
 
 
 
 
 
 
 
 
Which of these diagrams, best 
illustrate convection current? 
 
Could you draw the diagram to 
show the movement of convection 
current? 
 
 
Your drawing shows a circular 
movement. Why is this so? 
 
 
 
 
 
What is convection current? 
 
 
 
Why is there convection current? 
 
lighted candle sits. On its opposite 
side is not warm. The smoke rises on 
the side where the lighted candle is 
because it is warm and less dense. 
 
 
The cold (heavier) air above the 
smoking paper pushed the smoke 
down through the jar. The air inside 
the jar where the lighted candle is 
becomes warm and rises up. It is 
replaced by the cold air carrying the 
smoke. The smoke will then warm, 
rise toward the lighted candle and 
exit to that part of the jar. 
 
 
Diagram 4. 
 
 
 
           
 
 
 
As the warm air goes higher, it gets 
colder and become dense, so it sinks. 
As the cold air is heated, it becomes 
warm and light, so it rises and the 
pattern goes on and on.   
 
It is the movement where warm air 
rises and cold air from the top moves 
down to replace the warm air. 
 
Convection current occurs due to 
temperature difference.  
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F. Reflecting or revisiting 
hypothesis or prediction 
The teacher will ask the pupils to 
reflect their current ideas with their 
hypothesis or predictions. If pupils 
still have questions, the teacher can 
encourage them to do the activity 
again. 
 
 
 
G. Connecting the lesson to real-life 
situation 
 
Can you think of phenomenon or 
situation that can be explained by 
convection in air?      
 
Have you wondered why 
air-conditioners are usually set up 
high on the wall? Why is this so? 
 
 
 
 
 
 
 
H. Evaluating the lesson 
     Answer the exit slip. 
In our science lesson, I learned 
that 
 
 
 
 
 
 
 
 
The pupils will check their prior 
ideas or hypothesis with their 
current findings. 
 
 
 
 
 
Wind, breeze 
 
 
 
*Because of convection current. 
*Air-conditioners give out cold air 
which falls. This pushes the warm 
air up. Warm air is taken in by the 
air-conditioner and cooled, then goes 
down and the cycle continues. 
 
 
 
 
 
The pupils write their ideas about 
the things they learned in their 
science lesson. 
 
 
……… 
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Appendix D  
Hands-on Science Activity Planning Form 
 
 
 
 
 
 
 
 
 
 
 
 
 
Hands-on Science Activity Planning Form 
 
Group’s Name: _________________________  Date: ___________________ 
 
1. Question we want to investigate: 
 
 
2. Our hypothesis: 
 
 
Reasons: 
 
 
3. Materials we will need: 
 
 
4. To answer this question, we will do these steps: 
 
 
 
 
5. Our observations: 
 
 
 
6.  Our conclusion: 
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Appendix E 
Pre-Post-Tests  
 
 
Pupil’s ID No. ___________________         Gender ____________ 
 
Instruction: There are two parts in this test. Part 1 is simple and easy. Part 2 
consists of five questions. For each question, choose an answer that you think 
is right. At the end of the choices, there is “Confidence” section in which you 
are going to indicate how sure you are in your answers to all the questions.  
 
Part 1.  
 
Please write down any words that come to your mind when you think about 
warm and cold air on the blanks. You are given one-minute to write the  
words as many as you can.  
 
        example:   Force 
1. 
2. 
push 
 
 
Warm air 
 
pull 
 
 
 
1. 
 
     6. 
 
 
2. 
 
     7. 
 
 
3. 
 
     8. 
 
 
4. 
 
     9. 
 
 
5. 
 
    10. 
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Cold air 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
1. 
 
     6. 
 
 
2. 
 
     7. 
 
 
3. 
 
     8. 
 
 
4. 
 
     9. 
 
 
5. 
 
    10. 
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Part 2 
Circle the letter that you think is the best answer to the question.  
Then, circle the number that indicates how sure or confident you are in your 
answer. 
 
 
1. Why does hot air rise and cold air sink? 
a. Hot air is lighter than cold air, so hot air rises while cold air sinks. 
b. Cold air is lighter than hot air, so cold air sinks while hot air rises. 
c. Wind causes hot air to rise and cold air to sink. 
d. I don’t know. 
 
 
2. Which picture below shows the arrangement of molecules for cold and 
warm air? 
 
 
      
        
d. I don’t know. 
 
 
3. Which of the diagrams below shows convection current? 
 
    
 
  
 
 A                                B 
 
a. A 
b. B 
c. Both A and B 
d. I don’t know. 
 
warm air cold air 
 
cold air warm air 
warm air cold air 
c. b. a. 
 
cold air warm air 
 
cold air warm air 
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4.  Why does convection in air occur? 
a. Because there are hot air and cold air. 
b. Because air is light and moves fast. 
c. Because air temperature is the same. 
d. I don’t know. 
 
 
5. Which of the following is an example of heat transfer by convection in air? 
    a. A spoon in a cup of hot soup becomes warm. 
    b. Sunlight coming through a window warms the window sill. 
    c. At the beach, in the morning, wind blows from the sea onto the land. 
    d. I don’t know. 
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Appendix F 
Questionnaire on Pupils’ Attitudes toward their Science Learning 
 
 
Pupil’s ID No. ___________________         Gender ____________ 
 
Below is a list of actions that you did in your science class today. You would 
need to decide whether or not you like each action listed. There are five choices 
given. 
5  –  I like very much 
4  –  I like 
3  – I neither like nor dislike 
2  –  I dislike 
1  –  I dislike very much 
 
Example: Sharing my opinion with my classmates         1     2     3     4     5 
 
If you selected 'I like', then you would circle the number 4 on your 
questionnaire. 
 
Please be honest in giving your answer.  
 
1. Listening to the lecture of the teacher 1 2 3 4 5 
2. Doing the activity with my classmates  1 2 3 4 5 
3. Using materials/objects 1 2 3 4 5 
4. Making observations or doing experiments 1 2 3 4 5 
5. Reading my science book 1 2 3 4 5 
6. Watching my teacher demonstrate an activity 1 2 3 4 5 
7. Thinking of a question I want to investigate 1 2 3 4 5 
8. Following the procedure made by the teacher 1 2 3 4 5 
9. Doing an activity where I don’t need to think of 
a question because the teacher already made 
it. 
1 2 3 4 5 
10. Talking with my classmates about the plan or  
procedure we have to do to answer the question. 
1 2 3 4 5 
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Appendix G 
Pupils’ Evaluation to their Science Class Using the Developed Teaching Materials 
 
 
Pupil’s ID No. ___________________         Gender ____________ 
 
A. How would you rate the science class that you have today as a whole? 
 
 
  5………………..4…………….……3………………….….2…..............…...1 
 
 
 
B. Below is a list of actions that you did in your science class. Using the above 
scale, please rate each action by circling the number of your choice. 
 
 
Example: Sharing my opinion with my classmates        1     2     3     4     5 
 
If you selected 'Interesting', then you would circle the number 4 on your 
questionnaire. 
 
 
 
1. Formulating a question 5 4 3 2 1 
2. Making a hypothesis 5 4 3 2 1 
3. Planning the method or procedure to answer  
the question 
5 4 3 2 1 
4. Carrying out the plan   5 4 3 2 1 
5. Recording the observations/results  5 4 3 2 1 
6. Giving a conclusion  5 4 3 2 1 
7. Sharing ideas to my classmates 5 4 3 2 1 
Very interesting Interesting Neither interesting 
nor boring 
Boring Very boring 
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C. How would you rate the science class that you have as a whole? 
 
  5……………...4………...….……3………………..….2………….........…...1 
 
 
D. Below is a list of actions that you did in your science class. Using the above 
scale, please rate each action by circling the number of your choice. 
 
 
Example: Sharing my opinion with my classmates         1     2     3     4     5 
 
If you selected 'Difficult', then you would circle the number 4 on your 
questionnaire. 
 
 
1. Formulating a question 5 4 3 2 1 
2. Making a hypothesis 5 4 3 2 1 
3. Planning the method or procedure to answer  
the question 
5 4 3 2 1 
4. Carrying out the plan   5 4 3 2 1 
5. Recording the observations/results  5 4 3 2 1 
6. Giving a conclusion  5 4 3 2 1 
7. Sharing ideas to my classmates 5 4 3 2 1 
 
 
If you have comments on the activity you performed, please write them down 
freely on the space provided. 
 
 
 
 
 
 
Very difficult Difficult Neither easy 
nor difficult 
Easy Very easy 
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